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For nearly 60 years 
this trade mark has stood for speed and 


strength in reinforced concrete work. 


DRAGON 


(Brand) 
PORTLAND CEMENT 


Supplied by 
THE SOUTH WALES PORTLAND CEMENT & LIME CO. LTD. 


PENARTH, SOUTH WALES 
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Ruberoid Roofing was specified for the 
Indian Museum, Calcutta, for it could 
be relied upon to provide complete 
and permanent weather protection to 
some of the world’s most rare exhibits 
collected together over a period of 
135 years. 


The Ruberoid system of roofing affords 
suitable specifications to meet the re- 
quirements of every size and type of 
roof and has been recognised al over 
the world for over 50 years as providing 
protection at a lower cost per year of 
service than any other form of roofing. 


Details of the contract carried out at the Indian 
Museum, Calcutta, are contained in a special 
folder (No. 788) available on request. Archi- 
tects and Engineers are also invited to write 
for Catalogue No. 326 ** Standard Specifications 
for Ruberoid Roofs.’’ 


THE RUBEROID CO. LTD., Ié, COMMONWEALTH HOUSE, NEW OXFORD STREET, LONDON, W.C.! 
Branches : Manchester, Newcastle-on-Tyne, Birmingham, Edinburgh, Glasgow, Belfast. 
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FACTORY WORK IN COURSE OF CONSTRUCTION 


YORKSHIRE 


HENNEBIQUE 


FERRO - CONCRETE SPECIALISTS 
SINCE 1904 


HEAD OFFICE : VIADUCT WORKS, KIRKSTALL ROAD, LEEDS, 4 
Telephone : Leeds 20687-8-9 Telegrams : Ferro, Leeds 
BRANCH OFFICE: 6, WINCOLMLEE, HULL. Telephone: Hull 3350! 
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Consulting Engineers : W. S. Atkins & Partners | 

Construction of heavy reinforced concrete foundations L Al 
for the Cold Reduction Plant at Abbey Works for the NG 
Steel Company of Wales Limited. 
| 


John Laing and Son Limited - Building and Civil Engineering 
Contractors, London, Carlisle, Lusaka, Johannesburg. 
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Design 


Supply 
Bend 
and Fix 


We can undertake prompt execution of all orders for this work. We can quote 
as follows, and will be glad to have your enquiries :-— 
Reinforcement Design. 
Supply, Bend and Fix to specification. 
Supply and Bend to specification. 
Alternatively, customer's own material can 
be bent and fixed, or fixed only. 


Whatever we do you can count on first class service from the most modern 
contractors in the ;rade. We can save you time, money and worry—usually 
all three ; so if your next contract includes reinforcement, get in touch with us 
and let us tell you what we can do. 


Consult us regarding our Mobile Power Bender. 


General Steel 


BAR BENDING & FIXING DEPT. 


GENERAL STEEL & IRON CO LTD - SPRINGFIELD RD - HAYES - MIDDLESEX 
Telephone: SOUTHALL 3221 
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Permaply is a 
new material which is 


resistant to rot, mould and 


pest attack under all climatic 


conditions. It will not delaminate 

even if left unpainted in the open. 
PERMAPLY IS FREE OF LICENCE. 
Send for a copy of the Permaply brochure. 


PERMAP LY e © «© a Venesta product 


FOR CONCRETE SHUTTERING 


ON, 7 * Permaply puts the perfect face 


on concrete. 


© Is light, flexible and durable. 


* Has a long life and has been 
re-used for as many as 200 
times. 


VENESTA LIMITED 


VINTRY HOUSE * QUEEN STREET PLACE* LONDON: E.C4_ Tel. CENtral 3060 
175-181 
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forced Cancrete Turtine House foundations under construction by Taylor Woodrow 


POWERSTATIONS - OIL PIPE LINES - FACTORIES SEA DEFENCE WORKS . RAILWAY SIDINGS 
UNOERGROUND STORAGE TANKS - OPEN CAST COAL DEEP SEWERS (Tunnel and Open Cut) - AERODROMES 


TAYLOR: WOODROW 


BEAD OFFICE AND WORKS: RUISLIP ROAD, SOUTHALL, MIDDLESEX. PHONE: WAXLOW 2366, GRAMS: TAYWOOD, SOUTHALL. 
CODE: BENTLEY'S SECOND, LONDON Office: 10 PARK STREET, W.1. PHONE: GROSVENOR 8871, 


VIBRATOR 


for compacting mortar cubes 
for Compression Test B.S. 
12/1947, B.S. 915/1947, 
B.S.  146/1947, B.S. 
1370/1947 with automatic 
time control device. The 
vibrator illustrated in the 
B.S. was built in our works. 


The “CAPCO”’ range of con- 
‘ crete testing apparatus also 
includes Cube Moulds ; Slump 
Cones ; Tensile, Vicat, and Cylin- 
drical Moulds; Tile Abrasion 
Machines ; Compacting Factor 
Apparatus. 

Full details on request. 


CAPCO (SALES), LTD. 


BEACONSFIELO ROAD, LONDON, N W.I0- Telephone: WHLESDEN 0067-8. Cables: CAPLINKO, LONDON 


CONCRETE AND CONSTRUCTIONAL ENGINEERING ros0. 
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POWER BAR BENDERS 


FOR ALL SIZES OF 


|REINFORCING BARS 


STANDARD PRODUCTION MODELS 


The ARD. 50 MODEL—as illustrated on 
right—has a capacity for cold bending 
Mild Steel Bars up to 2” dia. and incor- 
porates a second Bending Head to give 
high-rate bending for small diameter bars. 


The RAS. 40 MODEL shown below is 
a single disc machine of exceptional per- 
formance. With a capacity for 14” dia. 
bars, it bends at highest practical rate— 
e.g. a full hook takes only 3 seconds 
bending time. 


Ensure accuracy, economy 


& simplicity of operation 


INTERESTING FEATURES 


Either of the Models illustrated can 
be supplied motorised, or engine 
driven. 

Standard Accessories supplied in- 
clude all necessary Formers and 
Bending Pins, a special Backrest for 
simultaneous bending of a number 
of small diameter bars and Acces- 
sories for forming right-angle loops 
in one operation. 

Special Safety Device incorporated 
to prevent damage to mechanism if 
overloaded. 

The desired Bending Angle may 
be set mathematically, and this is 
of great assistance in Repetition 
Bending. 


CEMENT & STEEL L™.- 


SECOND AVENUE CHATHAM KENT 
Telephone: Chatham 45580 Telegrams and Cables: Cembelgi, Chatham 
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A photograph of a sgction of Text Road, Southampion Docks, taken in 1917 just after completion 


Laid in the summer of 1917, this section of Test Road, 
Southampton Docks, is of concrete construction reinforced 
with BRC Fabric. During the years between the Road has 
received no maintenance and has needed none. Carpeted with 
asphalt in 1937(to conform with the appearance of other roads 
in the vicinity) it is as capable of bearing the loads of today 
—and of tomorrow — as it was thirty-three years ago. 


Issued by THE BRITISH REINFORCED CONCRETE ENGINEERING CO. LTD., 


London, Birmingham, Bristol, Leeds, Leicester, Manchester, 
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ROKEN SERVICE 


WELDED FABRIC 


STAFFORD Specialists in Reinforced Concrete Design & Suppliers of Reinforcement 
Newcastle, Sheffield, Cardiff, Glasgow, Dublin, Belfast 


u-w.575 
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When you select GLASCRETE you choose a method and a building material 
with a “ fitness for purpose" unsurpassed by any other medium !— besides, it’s 
fire and fume resisting, rust- 

proof—and does not require 

painting. 


The illustration, ome of Messrs. 
May & Baker's premises, shows 
good use of GLASCRETE by their 
Architect: E. D. Mills, Esq. 
F.RI.B.A. 


Technical details 
from the producers 


181 Queen Victoria St., LONDON, E.C.4 


Telephone: CENTRAL 5866 (5 lines) 


BALLAST, SAND, SHINGLE & 
Crushed Aggregate for Reinforced Concrete. 


WILLIAM BOYER & SONS, LTD. 
Sand end Gallet 
DELIVERED DIRECT TO ANY 
CONTRACT BY MOTOR LORRY, (RONGATE WHARF, 


Telephone: Paddington 2024 (3 lines). MEMBERS OF 5B.S. G A.T.A. 


ANCHORAGES TO 
CONCRETE 


SPEARPOINT Floor Clips to anchor 
wood floors to concrete. 
DOVETAIL Masonry Siot & Anchors 
to anchor brick and stone facings to 
concrete. 


ANKORTITE Box Fittings. 


ABBEY BUILDING SUPPLIES CO. 


Waldemar Road, Wimbiedon, LONDON, 
Telephone Wimbledon 4/78 


G) 
REINFORCEMENT 


— 
WASHED | 
¥ 
aa Quotations on Application. PADDINGTON BASIN, W. 
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revelry 


acid 


| 


So confident are we in the acid-resisting properties of * Nutra-Lines’ that we 
welcome and enjoy any problem concerning acids and corrosive liquids. ‘ Nutra- 
Lines’ tanks have successfully superseded metal tanks for storage, processing, 
fermenting, pickling, and for many other purposes. 


We specialise in the erection of 
complete tank installations, or 
the protection of existing plant, 
with * Nutra-Lines’. 


Further details and advice readily 
given. 


Two batch pickling tanks for steel bars. Concrete shell, 
Nutralock membrane, 9 brickwork in Nutrabond, for hot 
sulphuric acid. By courtesy of Messrs. Steel Nut & joseph 
Hampton Ltd., Darlaston. 


DROITWICH 2249/0 Telegrams ; TANKS, DROITWICH 


wh 


TANKS ND LININGS LTD. 


OWN WHARF DROITWHECH WORCESTER 


SM/TL 231 
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Mare 


Benders 


The machine illustrated is the model 1213 
BAR Bending Machine for the accurate 
and rapid cold bending, to precise measure- 
ment, of mild steel reinforcing bars up 
to |” diameter. 


Photograph by 
permission of 
Railway Execuuve 


CONCRETE SLEEPERS 


particulars of 
this and other 
Kennedy Bend- 
ing Machines 
write for illus- 
trated Cata- 


logue. 


British Patents Nos. 569573-16779 /43 
and Patented in other countries 


W. KENNEDY LTD., Dept. C, STATION WORKS 
WEST DRAYTON, MIDDX. Phone: West Drayton 2084 


pre-stressed 
positive anchorage 


| 


SEND FOR 
DETAILS 


QUARE 


FORD Tel. 


for 100°, 
WATERPROOF 
CONCRETE 


DAMP - PROOFING LTD. 


TiDewsay 


1486-7 §=LONDON, 8.8. 


STENT PRECAST CONCRETE 
LTD. 


Sales: |, Victoria St., London, S.W.1 
Telephone : Whitehall 2573 


Works: Dagenham Dock, Essex 
Telephone: Rainham (Essex) 780 


Agents for Wales and South-West England TL. LOWE, Esq., 
B.Sc.Eng., AM.1C.E., M.inst.M.E. ; DAVIES, MIDDLETON 
& DAVIES, LTD., 9, Museum Place, CARDIFF. Telephone 
Cardiff 2370! 

Midland Agent: FABIAN |. M. JACKSON, Min. BE, 
M.LPLE., Leicester Rd, LOUGHBOROUGH. Tele- 
phone : Loughborough 378! & 3543. 56, Se. Mary's Ra., 
MANCHESTER, 10. Telephone: FA! 2623 
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HAYWARDS “CRETE-O-LUX” 


— 


** Crete-o-Lux "’ Precast Reinforced Concrete Lights 
meet all modern needs. Illustrated above are 
* Crete-o-Lux "’ Roof Lights, ‘‘ Ninex-Double "’ type. 
Enquiries invited for any requirements. 


HAYWARDS LTD., UNION STREET, LONDON, S.E.! 
“WaATerloo 6035-6039 
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CONCREAM 


This non-staining, smooth and easy working 
white mould oll can be used with confidence 
on al! classes of in situ and precast concrete 
work where the use of a white mould of! is 
recom > 


VIBRAMOL 


This non-staining and non-separating mould 
Oil is made specially for use on steel shuttering 
and moulds where vibrators are used, and 
provides s good film which is not readily 
Moved under vibration. 


SPRAYMOL 


This grade of mould oll has been specially 
oduced for use with a spray gun. it can 
used with great economy on all types of 
Shuttering and moulds, and will not separate 
ender pressure 


IPs.” 


Experience has shown that the production of 
Precast and in situ prestressed concrete needs 
3 special mould compound, and in collabora- 
tion with leading prestressed specialists we 
have produced Grade “P.S."" Mould Com- 
pound for this class of work 


“8.4.” 


This Mould Compound has been specially 
produced to satisfy the requirements of those 
engaged in the production of spun concrete 
products 


PRODUCTS OF THE 
ORIGINAL MAKERS OF 
CONCRETE MOULD OILS 


We specialise in the production of mould oils and com- 
pounds for concrete work of every kind, from mass 
concrete work to high-class architectural stone work, 
and have an unrivalled experience which enables us to 
give expert advice on all mould oil problems. We 
have a grade for every purpose, and will be pleased to 
submit full details, samples, and prices on request. 


RICH? HUMBLE & SON, LTD., COLUMBA OIL WORKS, LEEDS, 3 


Telephone : 27155. ESTABLISHED (854 Telegrams : “* Columba, Leeds, 3." 
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WALLS. COLUMNS, 
BEAMS, 
SUSPENDED FLOORS. 
ETC. 


te 


Simple Formwork for STEEL Shuttering to Concre 
RAPID METAL DEVELOPMENTS L™ = 


395. GEORGE ROAD BIRMING 


5543 
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Ferro-Concrete Bars on the Cooling Bed of the new Merchant Bar and Wire Rod Mill at Dalzel! Stee! Works. 
The large tonnage produced in this Mill provides an opportunity to 


FERRO CONCRETE CONTRACTORS 


of obtaining prompt and efficient service of highest quality 


REINFORCING BARS 


Mild and High Tensile Steel in round or square section. 


PLAIN or INDENTED 


}” and upwards in coils, straight lengths or hooked and bent ready for assembly. 


COLVILLES STEELS 


will serve you well 


«£78 898 GCRORCE @ | GLascoe® «2 
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VIBRATING EQUIPMENT 
for QUALITY CONCRETE 


PETROL AND ELECTRIC 
INTERNAL VIBRATORS 
SALE or HIRE 


Manufacturers of vibrating tables, internal 

vibrators, external vibrators, petro! and electric 

vibrating tampers, vibrating screens, pan 

vibrators, electric motors, 

Visit our Exhibit petro! engines, builders’ 

at the hoists and winches, and 
hydraulic bar croppers. 


4, 


PUBLIC WORKS 
& MUNICIPAL 


OLYMPIA LONDON: 45 Great Peter St, 8.W.1. Telephone ; Abbey 6353 (5 lines) 


Now SCOTLAND : 39 Cavendish St, Glasgow, 0.5, Telephone South 0186 


Works: Eastwood, Southend-on-Sea. Te!l.: Eastwood 55243 


THE ROBERTSON WALL SHUTTERING FRAME 


FOR 


H 


Se 


TTERING 


"ROBERTSON FRAME 


FoR Economy ANO SimePcicity Fix 


WITH ‘ROBERTSON STANDARD STEEL 
ARRANGEMENTS SHOWN, AND SAVE 


5 


YOUR WALL SHUTTERING 
FRAMES, FOR ANY OF THE 
YOUR TIMBER FOR BOARDING. 


FULL PARTICULARS SENT ON REOVEST. 


THE SCOTTISH REINFORCED CONCRETE ENG. C® 


42, LEITH WALK, EDINBURGH 6 
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PRESTRESSED CONCRETE 
BEAMS FOR THE 


LONDON COUNTY COUNCIL 


These Prestressed Concrete 
Beams are 30 x x 12%, 
and support prestressed con- 
crete planks, 12” x 24" cross- 
section, at the Royal Festival 
Hall, South Bank. 


We manufacture to Engineers’ 
requirements 
Prestressed Beams 

Trestle Legs 


Poles 
Planks and Floor Units. 


We carry stocks of Prestressed 
Concrete Piles and manufacture 
to your special requirements 
Piles up to 90’-0" length. 


CONCRETE 


Office & Works: 


DEVELOPMENT 


THORNEY LANE, 


AND CONSTRUCTIONAL ENGINEERING 


NOVEMBER, 1950. 


Photograph by permission of the L.C.C. 


Main Contractors : 
Architect : 


HOLLAND & HANNEN and CUBITTS LTD. 


ROBERT H. MATTHEW, ESQ., A.RJ.B.A., Architect 
to the London County Council. 


Consulting Engineers: SCOTT & WILSON. 


co. 


Telephone 


LTD. 


IVER, BUCKS IVER 809 & 944 
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CGUNITE AND 
CEMENTATION 


Systematic repairs to structures 
ee based on systematic diagnosis of 
defects. 


. WHITLEY MORAN « CO. LTD. 


Specialists in the Repair of Engineering Structures 
5 OLD HALL STREET, LIVERPOOL. Telephone: Central 7975 ( 


|. Enables water-cement ratio 
to be reduced. 


3. Requires less spading or 
vibration. 


5. Reduces “ bleeding.” 


7. Gives better surface 
texture. 


Supplies now available, ask for information 


DEWEY & ALMY LTD 


2. Increases plasticity and a 
improves workability. 


4. Minimizes patching and 
rubbing. 


6. Is quicker to finish. 


8. Is more durable and 
watertight. 


ELVEDEN RD., PARK ROYAL, LONDON, N.W.10. Phere: ELGar 567! 
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SUPER 


CEMENT 


THE TANNO-CATALYSED PORTLAND CEMENT 


SAVES TIME SAVES TROUBLE a 
NATURALLY WATERPROOF. CONTAINS NO WATER REPELLENT MATERIAL : 
Uses :— 

For CONCRETE For RENDERING 


Provides a CONCRETE of great strength Supplies an impenetrable RENDERING of 
at early dates and impervious to water, such adhesive power that a |° thickness will 
oll, etc., without any form of surface resist an outside pressure of at least a 20° 
coating. head of water. 
For SLURRY (as paint) 
For PAVING Makes a perfectly watertight covering to 
Produces a hard wearing PAVING, dust- brick or breeze concrete walls at very small 
less and proof against penetration by water, cost, and also provides the best watertight 
etc. undercoat to coloured finishes. 
Technical Information is available to users. 
Used in 1914-1918 and still used by : 


Air Ministry, War Office, Admiralty, Ministry of Works, Ministry of Supply, etc. 


29 T STOCK SQUARE, Phone 
SUPER CEMENT LTD., W.C.1 Euston 1808 


PIN YOUR FAITH 


TO THE TESTED 
BRAND. 


THIS LABEL ON 
EVERY BARREL 
CARRIES WITH IT 
FORTY YEARS’ 
EXPERIENCE OF 
MANUFACTURE. 


NONE OTHER iS 
“JUST AS GOOD” 


THE LEEDS OIL & GREASE Co. 


"Phone: 22480. LEEDS ‘Grams: “Grease.” 
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Mild steel reinforcement supplied, bent and fixed to the most intricate 
specifications. Large sub-contracts recently carried out included the 
reinforcement for blocks of flats at Walthamstow, Lewisham, Acton 


and Wandsworth. 


B00 T.C.Jones & Co.Ltd 


STRUCTURAL & REINFORCEMENT ENGINEERS 


WOOD LANE, LONDON, W.12 Telephone: Shepherds Bach 2020 * BUTE STREET, CARDIFF * TREORCHY, GLAM 
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ICONCRETES PILING | 


LIMITED 


/ 


10 WESTMINSTER PALACE CARDEN, ARTILLERY ROW. LONDON. SWI - - ABBEY 1626 
LADAS DRIVE BELFAST - BELFAST 58/00 - WORKS RIVER RD. BARKING -R/PPLEWAY 2624 
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The strength of 1: 2: 4 concrete of 6,250 Ibs. per 


sq. inch as shown above can always be attained 
under average field conditions. Exceptionally high 
figures attained under test have not been indicated. 
The practical value of great strength is obvious — 
Concrete in ONE DAY and FOR ANY PURPOSE 


—at a strength exceeding that of 


Portland cement 3 months old. 


LAFARGE ALUMINOUS CEMENT CO. LTD., 73, BROOK ST., W.1. Tel: MAYfair 6546 


Qs.10s. 
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the two-component 
Suspended Formwork system... 


The Spanform is a sturdily constructed 
telescopic unit designed to obtain the 
utmost economy in usage and main- 
tenance. 

All “ Kwikform ” Formwork is available 
for hire or outright purchase. 

Fully descriptive literature is available on 
application. 


Illustrating the simplicity of laying the Flatforms 
which by their design are held rigidly in position. 
Striking equally simple. 


A feature of the Kwikform system is that within the 
K W Il K EF O R M I | D > ranges of the standard size Spanforms no props are 
’ needed for normal requirements 


WATERLOO ROAD, BIRMINGHAM, 25. London Office: 66 Victoria Street, S.Weo1 
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312 pages. 


“ REINFORCED CONCRETE ” 


By Professor A. L. L. BAKER 
Professor of Concrete Technology, imperial College of Science and Technology, London 


18S illustrations. Price 15s. By post: 


ESCRIBES the theory and practical design of concrete structures of 
all kinds. Invaluable for students and for engineers wishing to acquire 


3.50 dollars In Canada 
and U.S.A. 


1Ss. 9d. in Britain; 


a sound knowledge of the latest developments of reinforced concrete. Gives 
several methods of analysing indeterminate structures. Designing within 
safe limits is described. Diagrams and tables facilitate the use of theories. 
Examples, working drawings, specification, and extracts from the latest codes 
of practice. Recommended procedure in office and on site based on experience. 
General examples of design. Photographs of notable structures and concrete 


finishes. 


1.—Principtes or Desicn: Factor of 
safety; Loads and stresses; Safe limits of 
assumptions ; Influence of cost and other fac- 
tors; Organisation and essential experience ; 
Aesthetic principles. 


2.—STATICALLY INDETERMINATE SrrRuc- 
TuRES: Elastic deformation ; Slope and deflec- 
tion expressed as elastic weights ; Mohr’s rule ; 
Bending moments at fixed supports. 

Continvous Beams: Bending moments at 
supports determined by the methods of fixed 
points, coefficient-of-restraint, moment-distribu- 
tion, and characteristic points. 

FRAMED STRUCTURES AND Arcues: The $ik 
method; Muller-Breslau’s solution; Profile of 
an ideal arch; Application of the general 
elastic equations for fixed arches; A simple 
method of calculating wind moments on frames. 

DistrispuT1on oF Loap on a GROUP oF 
Pires: Analysis; Example; Arrangement of 
piles in jetties. 

SPANNING IN Two Directions: Slabs 
supported by beams; Flat-slab beamless con- 
struction. 

Vautts: The membrane theory; 
Semi-ellipsoidal and semi-cylindrical “ shell” 
roofs; Graphical analysis of domes. 


3.—Berams anv Stans: Theory of reinforced 
concrete; Grip; Shear; Bending; Tee- 
beams; Rectangular beams and slabs; Elastic 
deformation. 

Practica Metuops or Desicn: Diagrams 
for tee-beams, rectangular beams and slabs; 
Effect of creep; Economical dimensions; 
Summary of methods; Factor of safety. 


4.—CoL_umnNs anp Struts: Short and long 
columns under axial load ; Columns subjected 
to compression and bending; Long columns 
eccentrically loaded. 


CONTENTS 


5.—SEconNDARY Stresses: Creep; Shrink- 
age; Plastic yield; Torsion; Temperature 
stresses. 


6.—Prestressep Concrete: Methods of 
prestressing concrete ; Principles of prestressed 
concrete beams; Comparison with ordinary 
reinforced concrete beams; Advantages of 
using high-grade concrete and steel; End- 
anchored and concrete-gripped wires; Sim- 
plified method of calculating the moment of 
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The PC3 Electrically Driven Con- 
crete Pump—20/24 cu. yds. per 


hour. 
Smaller PC4—8/10 cu. yds. per 
hour 


Range up to 125 ft. vertical or 
ft. horizontal. 


CONCRETE 
BY PUMP AND PIPELINE 


@ The latest and most efficient method of placing concrete. 


Life of Pump practically indefinite: all essential surfaces in 
contact with concrete are renewable. 


Pumpable concrete must of necessity be good concrete. 


Pump and Mixing Plant can be located at the most convenient 
position within the pumping range. 


The continuous output of the Pump at a constant speed 
governs the working of the whole concreting gang. 
PANY LED 


4 STAFFORD w.8 


Telephone: Western 3546. Telegrams: Pumpcret, Kens, London. 
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CHRISTIANI 
NIELSEN 


REINFORCED CONCRETE 


Reinforced Concrete Shell Roof 


54 VICTORIA STREET, LONDON, S.W.! 


TELEPHONE: VICTORIA 6152 
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BUILDING AND CIVIL ENGINEERING 
REINFORCED AND PRESTRESSED CONCRETE 


DOUGLAS 


PILING - HEAVY FOUNDATIONS ~- ROADS - BRIDGES - AIRFIELDS 
FACTORIES - SEWERS - RAILWAYS - BUNKERS - COFFERDAMS 


ROBERT M. DOUGLAS (CONTRACTORS) LTD. 


395 GEORGE ROAD, BIRMINGHAM, 23 Telephone : Birchfields 4541 


THE 


“JOHN BULL” 
CONCRETE BREAKER 


NEW “ B.A.L.”’ TYPE. 


INCREASED :— 
PENETRATION, RELIABILITY, LIFE. 


REDUCED :— 
VIBRATION, NOISE AND WEAR. 


THESE ARE THE SALIENT FEATURES 
OF THE NEW CONCRETE BREAKER 


* * * 


REAVELL & CO., LTD. 


RANELAGH WORKS, IPSWICH. 
TELEGRAMS : “ REAVELL, IPSWICH.” TELEPHONE : 2124 
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mui INSEPARABLE 


You can’t mention one of these 
martial Saxons without thinking 
of the other, and (swiftly jumping 
some fifteen centuries) you can’t 
carry on modern business without 
meeting some equally inseparable 
names — Franki and Piles, for instance. 

To very many of those entrusted with the responsibility of erecting 


modern buildings, piled foundations mean Franki. For this system 
of cast-in-situ piling, long famous in many countries, has gained new 
laurels. The design load of the Franki Piles installed during 1949, 
in the British Isles alone, was 2,000,000 tons. Why, therefore, should 
we not use one of the attributes of the system itself by compressing 
into the name FRANKIPILES the inseparable words 


FRANK! « PILES 


THE FRANK! COMPRESSED PILE 
COMPANY LIMITED 
39 VICTORIA STREET, LONDON, S.W.! 


Telephone: ABBey 6006-9 
Telegrams : FRANKIPILE, SOWEST, LONDON 


SOUTH AFRICA: THE FRANKI PILE CO. of S.A. (Pty.) LTD., CAPE TOWN and DURBAN 
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Reconstruction of Round Oak 
Stee! Works, Brierley Hill. Chief 
Engineer : H. Shaw-jones, Esq. 


TARSLAG have been entrusted 
with all the Civil Engineering Work 


on this £4,000,000 Project.  Iilus- 


tration shows foundations for Melting 


Furnace Plant. Contract includes 250,000 
cu. yds. of excavation, 15,000 cu. yds. of con- 


crete, etc. 


TARSLA 


LIMITED 


CONTRACTORS TO ADMIRALTY, AIR MINISTRY, MINIS- 
TRIES OF WORKS, SUPPLY AND OTHER GOVERNMENT 
DEPARTMENTS, MUNICIPALITIES, COUNTY COUNCILS, ETC. 


WOLVERHAMPTON STOCKTON-ON-TEES ROTHERHAM 
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SINEX VIBRATORS for CONCRETE 
ROADS and STRUCTURES 


Sinex Electric Vibrators of the pin fixing type are used for compacting concrete roads and 
structures all over the world. They are extremely simple to attach to any road tamper 
by means of an eccentric pin and bracket, and can be utilised for shutter vibration by this 
same method of attachment. 


Sinex Vibrators can be supplied for any A.C. 
voltage required, and where an electric supply 
is not available we can provide Petrol Electric 
Generators suitably wound. 


Our illustrations show two typical examples of 
the uses of these Multi-Purpose Machines. 


a 


SINEX ELECTRIC 
IMMERSION VIBRATOR 


This illustration shows a Sinex 80-watt electric 
vibrator mounted on a rigid steel lever for use in 
immersion vibration. This method was used very 
largely on the Mulberry Harbour and has since been 
adopted at various contracts in this country and 
abroad, and is universally accepted where shutter 
vibration is not required. 


SINEX 
SURFACE TAMPER 


Illustration shows Sinex 
pin fixing Vibrator mounted 


¢ on Surface Tamper. Vibra- 
tors can supplied 
separately for fixing on to 


tampers constructed by the 
contractor or tampers can 
be supplied complete to 
customer's specification. 
Generators can also be 
supplied when electric 
supply is not available. 


Our Technical Representa- 
tives will be pleased to call 
to discuss any concrete 
placing problems. 


CONCRETE VIBRATION LIMITED 


2 CAXTON STREET, WESTMINSTER, 8.W.1 Tel.: VIG 7503/5 
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SPECIALISTS 


e 


country. 
of the CREWE 


TON 
HASLING 


Crewe 2265-6. 


Line of route delivery 


Water, gas and electricity installa- 
tion or renewal schemes need good 
transport co-operation and British 
Railways can supply it. They convey 
and deliver on line of route, cables, 
conduit covers and pipes, besides 
bricks, cement and kindred com- 
modities. Bulk deliveries of road 
dressing materials are made to site, 
including barrels, which are collected 
after use. Storage for contractors’ 
tools and materials is available at 
central railheads. A word to your local 
Goods Agent will set the wheels turning. 


3 
Ws. RS) LTD 
co. (CONTRACTO ) 
ings 
bs & Linings and Rendering 
4 vite inquiries for Gunite kind in any part 
or old structures of every kin 
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ENGINEER TO] THE COUNCK 
: SIR T. PEIRSON FRANK, M INST.C.E. 


PETER LIND & CO., LTD 


STRATTON HOUSE, PICCADILLY, LONDON, W.I 


TELEPHONE: GROSVENOR 460! 
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A NEW METHOD 
OF FIREPROOFING STEELWORK 


“VERROMIC” 
VERMICULITE 


CONCRETE 


REDUCES COST e CUTS WEIGHT 
SAVES MONEY 


Because the weight of fireproofing material is so drastically 
cut, structural steel needs may be considerably reduced. 


*'Verromic"’ Vermiculite Concrete provides lightness, in- 
sulation and fire resistance found in no other material. 


D ETHOD 
GET THE FACTS TO-DAY FROM: —s 


VERMICULITE INSULATING CO., LTD. 


SWINTON HOUSE, 324 GRAY’S INN ROAD, LONDON, W.C.1. Tel.: Terminus 9674, 9675 
Also at 81 EDMUND S&ST., BIRMINGHAM, & 164 WEST GEORGE &T., GLASGOW, 6.2 


A. E. FARR. LTD. 


Station Road - WESTBURY - Wilts. 


‘Phone: WESTBURY (Wilts) 356 (5 lines) 


2 Victoria Street, WESTMINSTER, S.W.1 


*"Phope: ABBEY 2008 (2 lines) 


CIVIL ENGINEERING AND BUILDING CONTRACTORS 


DEPARTMENTS: 
1. CIVIL ENGINEERING. 2. BUILDING. 
Earth Moving and Levelling. Factories, Offices, Schools, 
Pile Driving and Heavy Founda- Garages, etc. 
tions. 3. PLANT HIRE. 
Road and Bridge Building. Excavators, Trenchers. 
Sewers and Water Mains. Bulldozers, Scrapers. 
Tunnels and Outfalls. Dumpers, Rollers. 
Reservoirs and Water Towers. Compressors, Mixers. 
Cooling Towers, Chimneys and Concrete Pumps. 
Silos. Pile Frames. 
Wharves and Jetties. Winches and Hammers. 
Railway Sidings, etc. Mobile Cranes, etc. 
4. HEAVY HAULAGE. 
Special Machinery Carriers and Low- Dismantling and erection of heavy 
Loading Lorries for carrying heavy machinery undertaken. 


plant and machinery up to 30 tons 
weight. 
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CEMENTATION 


WILL SEAL WATER LEAKAGES THROUGH CON- 
CRETE, ROCK OR SUB-SOILS, AND WILL STABILIZE 
SUB-STRATA TO ARREST SETTLEMENT OF STRUC- 
TURES ON FAULTY FOUNDATIONS. ALSO BY 
THIS PROCESS DETERIORATION OF CONCRETE 
OR OF MASONRY WORKS CAN BE REMEDIED. 


BORED PILES 


CAST in situ PILES CAN BE PUT DOWN TO GREAT 
DEPTH WITH A MINIMUM OF HEADROOM AND 
VERY LITTLE VIBRATION, WITH DESIGNED 
BEARING CAPACITY. 

OUR WIDE EXPERIENCE IS AT YOUR DISPOSAL. 


GUNITE 


RECONDITIONING DAMAGED AND DEFECTIVE 
CONCRETE STRUCTURES. 

ENCASING STRUCTURAL STEELWORK. 

LINING TUNNELS, CULVERTS, RESERVOIRS. 
COVERING THE WEARING SURFACES OF CHUTES 
AND BUNKERS. 


| (EMENTATION 


Oo. D. WORKS, DONCASTER. 


LONDON OFFICE: 39, VICTORIA STREET, 8.W.! 
TELEPHONE: ABBEY 5726-7-8. 
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prestressed and 
precast concrete 
for building and 


We specialise in the production of prestressed and precast 
concrete structural members to standard or special designs, 
including railway sleepers, and shall be pleased to submit 
quotations for contracts in most parts of the country. 


Head Office: East Street, Epsom, Surrey. Branch Works : Vicarage Road, Egham, Surrey. 
Telephone : Epsom 4041/4042. Telephone : Egham 3092/3093. 


why | rab 


Regd. 


Cement Colours 


give permanent, attractive and economical tinted 
surfaces for all concrete structures and roads 


PRICE LIST, SHADE CARD, LITERATURE, SAMPLES, from 


W. HAWLEY & SON, LTD. 
Colour Works, DUFFIELD, Derby 


Phone: Duffield 2294/5 COLOUR MAKERS SINCE 1838 = Grams: Hawley, Duffield 
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The first pre-stressed 
concrete road in Britain 


Sponsored by the Crawley Development Corporation, this stretch of road has 
been laid down on modern principles of pre-stressed construction and will be 
carrying heavy traffic serving the factory estate of the Crawley New Town. 


Note the diagonally arranged steel ducts which house the high-tensile steel 
cables spanning the road at an angle of 184° at 7’ 6” centres. The whole has 
been laid over SISALKRAFT Reinforced Waterproof Concreting (Subsoil) Paper. 

Observe also the SISALKRAFT Prefabricated Concrete Curing Blankets specified 
and used throughout for the curing and protection of this brief but unique 
highway. 

Photograph by kind permission of Crawley Development Corporation, 
Broadfield, Crawley, Sussex. Contractors: Messrs. Willment Bros., Ltd. 


* TECHNICAL INFORMATION 
AND SAMPLES ON REQUEST 


SIS AFT 


ADE MARE 


Sole Distributors for British Sisalkraft Ltd. 
J.H.SANKEY & SON. 


ALDWYCH HOUSE, ALOWYCH, LONDON, W.C.2. Telephone: Holborn 6949. Telegrams : Brickwork, Estrand, London 


THE Building Paper 
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Working for Prosperity 


As the walls rise the tempo of the work quickens. You'll see the 
Land-Rover hustling busily back and forth with men and materials. 
And yet it is more than a run-about: with its power take-off and four- 
wheel drive it makes a mobile power unit which can take rough ground 
in its stride and bring power to where it’s wanted—right on the spot. 


WHEREVER THERE'S WORK TO BE DONE 


YOU'LL FIND THE A N, ID 
OVER 


Britain's most versatile vehicle 


NOVEMBER, 1950. 


MADE BY THE ROVER COMPANY LIMITED, SOLIHULL, BIRMINGHAM 
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‘EXPAMET’ EXPANDED STEEL 


The Expanded Metal Company, Ltd., 
Burwood House, Caxton Street, $.W.1. WHitehall 1736 


STRANTON WORKS, WEST HARTLEPOOL, HARTLEPOOLS 2194 


ALSO AT: ABERDEEN, BELFAST, BIRMINGHAM, CAMBRIDGE, 
CARDIFF, EXETER, GLASGOW, LEEDS, MANCHESTER 
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ACROW STEEL FLOORFORMS 


ACROW 
ADIUSTABLE STEEL 
FLOOR.-CENTRES 


ACROW ADIUSTABLE STEEL 
CLAMPS 


ACROW 
STEEL 

FERROFORMS COLUMN 

- 

CLAMPS KA 


| ACROW i] 
ADIUSTABLE STEEL ACROW 


PROPS STEEL 
FERROFORMS 


LAN NOW PROFIT THE USE 


* FOR SALE OR HIRE 
WITH ACROW STEEL FORMWORK THERE ARE NO LOOSE PARTS WHATSOEVER 
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is erected in 4th of the time taken 


by carpenters using timber j 


ACROW ADJUSTABLE STEEL WALL CLAMPS ‘| |. 


F 


= 
= 
= | 
— ACROW STEEL FERROFORMS 


ROW FORMWORK YOUR 


All enquiries to>-ACROW (ENGINEERS) LTD., 33 Catherine Place, London, 5.W.! (Victoria 0693) 
130 Coventry Drive, Glasgow, E.! (Bridgeton 104!) 22-24 City Road, Bristol, 2 (Bristol 24595) 
West Staniey Street, Manchester, 5 (Trafford 2965) Lupton Street, Hunslet, Leeds, 10 (Leeds 76514) 
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GETTING DOWN TO IT-WITH 


¥ 


Y Ford engines are real stayers. They stay on 

the job all the time and overtime, giving con- 
tinuous trouble-free service under the toughest 
conditions. Ranging from 23 to 85 b.h.p. (there 
is also a Petrol Vaporising Oil Engine for par- 
ticularly heavy duty) these thrifty units are readily 
adaptable for a very wide range of industrial 
equipment. Cranes, air compressors, generating 

sets, winches, stone crushers, road rollers ~— y 


BHP. 
these are only a few of their many uses. y, W4 


Our Industrial Unit Y 
Department is freel) 

at the disposal of 
manufacturers of In 
dustrial Equipment for 

the full discussion of 

their particular prob- 

lems 


FOR INDUSTRIAL EQUIPMENT 


FORD MOTOR COMPANY LIMITED, DAGENHAM, ESSEX 


i 

2 FORD ENGINES 
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WALSALL POWER STATION 
COOLING TOWERS BY 


THE MITCHELL 
CONSTRUCTION 
COMPANY 


Que Bedford London, WO) 
Loadoo Peterborough 
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/REINFORCED CONCRETE ROADS 


Cheapest in the longrun.. .| 


REINFORCEMENT@ 


welded steel fabric - 

reinforcement used at St. Helen's / 4 

Road, Swansea. Borough Engineer & | 

Surveyor: J. B. Bennett, Esq., M.1.C.E. 

Contractors ; County Borough of Swan- 4 
Borough Engineer and Sur- 


sea, 
veyor's Department. 


McCALL & COMPANY (SHEFFIELD) LIMITED 


TEMPLEBOROUGH, SHEFFIELD and at LONDON 


SRB24 
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The long list of contracts of al! kinds and sizes 
carried out by us in reinforced concrete reflects 


the very wide experience we have had in this 


class of work. We undertake contracts in any 


part of the country, and invite Engineers and 
Architects to include our name on their lists 


for future enquiries. 


THORNTON SONS LID 


WELLINGTON ROAD 
LIVERPOOL 
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** As strong as the weakest link .. .’’ 


No matter how well engines are designed, how well they are 
manufactured, if the vital link between factory and user—the link of 
Service—is weak, then excellence falls into disrepute. The PETTER 
SERVICE Sign signifies this vital link to users, and is now to be found 
all over the world. 


To the machinery manufacturer who builds Petter engines into his 
machines, it ensures reliability of service and a strong foundation for his 
own reputation. To the private user, it means an instant call by the 
Petter Service van day or night however remote the site may be. For 
full information on PETTER SERVICE in Great Britain, please write for 
Publication No. 2049. 


~—THE POWER ON THE LAND 
—THE DRIVE IN INDUSTRY 


—THE SERVICE THAT SPANS THE WORLD 


PETTERS LIMITED 


Small Engine Division, Causeway Works, Staines, Middlesex. Tel. Staines 1122 


One of the ASSOCIATED BRITISH OIL ENGINES GROUP 
A43 
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Look well ahead, please, if you are among the 
increasing number who are finding IBECO’S excep- 
tional waterproofness, strength, economy and ease 
of handling exactly what is needed for this, that or 
the other job. We are stepping up production 
but the longer the notice, the surer the delivery. 


waterproof concreting 


paper: best preventive 
against drainage into 
porous sub-soils 


C. DAVIDSON & SONS LTD. (DEPT. CCS), BUCKSBURN, ABERDEEN 
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Reinforced Concrete Slurry Basin. 
Approximately 100 ft. Diameter, 


TILEMAN & COMPANY LIMITED 
REINFORCED CONCRETE ENGINEERS AND CONTRACTORS 
KNIGHTSBRIDGE. S.W.7. 


 ~TELEPHON "KENSINGTON O134. 


< 
ice and sche mation oF 
ot every kind. pe gladly sent 
TD ses of gunite - 
an 
inster s.W.1 vic TORIA 
Westm 
ctoria Streets 
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Reinforced concrete frame- 
work designed and con- 
structed by The London 


Concrete Mould Linings 
London, $.W.!. 
Architects Messrs. Winter 


& Pickering, London, E.C.| “ Pluto ” Board is a tough inert resin-bonded asbestos 
material which ensures :— 

General Builders : Messrs. | 

H. Durrant & Sons, Roches- @ ‘Stone-Smooth’ finish 

ter. 


@ Timber economy 
Samples submitted on request @ Minimum cost per cast 


THE GA A S BES 0 $ 


114-116 PARK STREET, LONDON, W.!. Telephone: Grosvenor 6022 
bD 
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SCREWCRETE FOUNDATIONS 


The front of this reinforced concrete coal handling wharf 
and the front line of the transporter crane gantry, 
100 yards long, are supported on 42 inch diameter 


Screwerete cylinder foundation piles. 


BRAITHWAITE & CO 
ENGINEERS LTD 


London Office : Telephone WH Itehall 3993 
KINGS HOUSE HAYMARKET LONDON S.W.1 
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EDITORIAL NOTES 


Protection against Atomic Explosion. 


HE pressures, and consequent effects, due to explosions are among the less 
calculable forces to which a structure can be subjected. Experience has indicated 
the forces due to ordinary high explosives, but the effects of atomic explosions 
are naturally less well known. Some notes on this subject are given in a booklet 
entitled “‘ Damage from Atomic Explosion and Design of Protective Structures "’ 
recently compiled in the United States of America for the National Security 
Resources Board by the Department of Defense and the United States Atomik 
Energy Commission (United States Government Printing Office, Washington 25, 
D.C. Price 10 cents). 

It is stated that the effect on a structure of the initial wind of high velocity 
emanating from an atomic explosion is like a sudden blow due to the initial 
rapid rise in pressure, and that this is followed by a steady pressure which lasts 
until the blast wave has enveloped the structure ; the pressure then builds up 
on the side of the structure farther from the explosion and compresses the structure 
unless the pressure is relieved by the failure of doors or windows or structural 
members. This short phase is followed by a wind of less velocity blowing for 
a much longer time towards the centre of the explosion. The ability of a structure 
to resist the pressures depends obviously on its strength, to a less degree on its 
shape, and on the number of openings which may relieve the external pressure. 

The damage done by atomic bombs at Hiroshima and Nagasaki was describe d 
in this journal for.August, 1946. This new U.S. report states that severe damage 
to reinforced concrete earthquake-resistant buildings does not extend beyond 
2000 {t. from an atomic explosion, but within this range all other types of structures 
are virtually destroyed. At this distance the estimated peak pressure, which 
endures for about half a second, is 24 lb. per square inch, and is accompanied 
by a wind of over 500 miles per hour. At 1ooo ft. from the explosion the cor 
responding values are three-eighths of a second, An Ib. per square inch, and 
Soo miles per hour, while at one mile they are about one second, 7} Ib. per square 
inch, and 200 miles per hour. The size of the bomb, weather conditions, and 
nearness to the explosion obviously affect the degree of damage and the kind 
of damage. The nearer the explosion the greater is the vertical pressure, causing 
damaged roofs, and as the distance increases so the horizontal pressure exceeds 
the vertical pressure. Much secondary structural damage is due to fire. 
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In considering protective construction, the report makes such obvious sug- 
gestions as the dispersal of attractive targets, the prevention of exposure of 
inflammable materials to radiant heat, and the placing underground of as many 
services as possible. It is said that concrete walls cast monolithic with the 
frame of a building should provide a high degree of protection for persons inside 
the building. Concrete walls 12 in. thick are recommended for the protection 
of important equipment, and 21 in. thick to protect persons from the effects 
of radiation from a source half-a-mile distant. It is recommended that pro- 
tective roofs be designed for a static load of 500 lb. per square foot, which is not 
so great as to be impracticable when it is considered that warehouse floors are 
often designed for 336 lb. or more per square foot. 

The report also recommends that, to reduce the probability of structural 
collapse at a distance of half-a-mile from an atomic explosion, a reinforced concrete 
frame building should be designed to resist a wind imposing a horizontal pressure 
of go lb. per square foot and a vertical pressure of 70 Ib. per square foot (which 
are considerably less than the probable highest pressures), and in general should 
be designed as an earthquake-resistant structure. The additional rigidity required 
can be obtained by providing transverse walls and deep lateral beams, and by 
designing floors and roofs to transmit forces to the transverse walls. Columns 
of the size ordinarily provided in framed buildings are insufficient to resist the 
large horizontal forces due to an atomic explosion. Another suggestion is that 
the building should include redundant structural members, so that if some fail 
others may not and the building may not collapse. The more ductile a structural 
material is the more energy it can generally absorb, and for this reason mild steel 
reinforcement may be better than other types of steel. 

The numerical recommendations of the report relate to explosions from 
atomic bombs that release energy equivalent to that of 20,000 tons of T.N.T. 
and explode at a height of 2000 ft. Larger bombs will obviously impose greater 
forces and it is estimated that a bomb of twice this energy would increase the 
radius of the area in which the damage occurs by 25 per cent. It is, of course, 
quite unknown what may be the power and proximity of an explosion to which 
a particular building may be subjected, but, as in designing for any other new 
conditions, a start must be made somewhere. The data given in this report 
will therefore probably be used as a first step in the design of resistant structures 
in spite of the possibility that the atomic and hydrogen bombs now being made, 
or that will be made in the future, will almost certainly be very different from 
the bombs exploded over two cities five years ago. It may be remembered that 
in 1939 data were prepared and used relating to high-explosive bombs weighing 
from 5 cwt. to 1 ton and for small incendiary bombs of the types then known, 
neither of which had much relation to the heavy bombs, the “ land-mines *’, and 
the phosphorus bombs that were used within a year or two of the outbreak of 
war, or to the means of providing protection against them. New weapons of 
war always come as a surprise, and measures of defence lag behind until experience 
is gained of their effect. But it was found that protection that was thought 
to be fairly complete against the bombs known in 1939 gave at any rate some 
protection against the bombs used later, and that it could generally be strength- 
ened and adapted to give a fair degree of safety against more powerful bombs. 
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EQUIVALENT ELASTIC SYSTEMS. 


Equivalent Elastic Systems in the Analysis 
of Continuous Structures,—lI. 


By L. A. BEAUFOY, Ph.D., M.Sc., A.M.Inst.C.E., M.I.Mech.E., M.1.Struct.E., and 
A. F. S. DIWAN, Ph.D., B.Sc. 


In the ‘ Quarterly Journal of Mechanics and Applied Mathematics "’ for 
September, 1949, the authors describe how the principle of experimental stress 
analysis using unloaded models might be applied to obtain an exact analytical 
solution of hyperstatic two-dimensional continuous structures. The basis of the 
analysis, which is called the structural analysis, is the evaluation of the elastic 
properties of the entire structure combined with a study of the way in which it 
deforms when a deformation is caused at any section, and the results correspond 
to the immediate results of the experimental procedure. The stress components 
due to any load on the structure, or alternatively the influence line for any section 
(see this journal for May, 1950), can be derived from the structural analysis 
by a subsequent operation called the stress analysis. An alternative method of 


Fig. 1. Fig. 2. 


evaluating the elastic properties by reducing the whole or a part of the structure 
to a single fixed-ended system which is elastically equivalent is described in this 
article, in Part II of which the method will be applied to the solution of a multiple- 
bay structure, twelve times statically-indeterminate, having flexible columns. 
For such a structure the usual exact methods of analysis are very laborious. 
Simultaneous equations and successive approximations are not required, and 
all calculations can be made with sufficient accuracy on a 10-in. slide-rule. 
Moments and rotational displacements are assumed to be positive when 
clockwise. Horizontal and vertical forces, displacements, and co-ordinate 
distances are assumed to be positive when measured to the right or upwards. 


Relationship between Elastic Constants and Stiffness Factors. 


The physical properties of each member of a frame may be expressed in 
terms of six elastic constants, namely the elastic area S, the co-ordinates and 7 
of the elastic centre, the centroidal moments of inertia J, and Sn of the member 
about the x and y axes respectively, and the centroidal product of inertia /,, 
about the axes x,y. It is shown in the articles mentioned previously that the 
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following meanings may be attached to the foregoing in relation to a membet 
AB fixed at B and free at end A (Fig. 1): 


rotation of the rigid arm OA (connecting A to the elastic centre O 
due to a unit moment at O (or A 


end 


/, 1s the horizontal translation of O due to unit horizontal force at O 
/, is the vertical translation of O due to unit vertical force at O 
/., is the horizontal or vertical translation of O due to unit vertical or 


horizontal force respectively at O. 


It will be shown that the elastic constants for any continuous system of 
members regarded as a group can be derived from those for each member of 
the grouy 

Ihe stiffness factors for one end of a member or for a joint in a structural 
framework are the honzontal and vertical forces and the moment which are 
required at that end or joint to produce unit displacement there when the frame 
work carnes no load. In the case of the end of a member, the forces and moment 
are imagined to be applied to a cut at that end According to the displacement 
imposed the factors are called horizontal displacement, vertical displacement, o1 
rotational stiffness factors The elastic constants and the stiffness factors are 
mutually convertible and this facilitates the combination of a group of structural 
members and replacement by a simpler system which is elastically equivalent. 

Let member AB (/ tg. 1), the flexural rigidity of which is FJ, be acted upon 
by a moment m and horizontal and vertical forces A and v respectively applied 
to the end O of the nmgid arm OA Then, as shown in the previous articles, 
the rotational, horizontal, and vertical displacements ¢, A, and 4 respectively 
at A due to the applied moment and forces at O are 


d mS: A Al, Av: 2 hI, + bk. 1) 


equation I) expr the elastic constants in terms of the displacement 
coethcients. Consider umit moment apphed at A, that is, m 1A o, and 
The resulting displacements at A are the displacement coefficients for 


moment, namely 


The displacement coethcients for horizontal force are obtained by sub 


stituting in equations (1) the values m andhl I Therefore 


it 


dy A=! PV; Ay = — I,, 


similarly, the displacement coethcients for vertical force are derived by 
ting im equation 1) the values m I, andAé 


ry 


Re-arrangement of the foregoing « juations yields expressions for the elastic 


consta in terms of the displacement coefhicients. From equations (2 


I, = A, 4, — 295; I, — 


5 ‘ (5a) 
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3 : Tanie ! ELASTIC PROPERTIES IN TERMS OF STIFFNES FACTORS 
NATURE OF JOINT DISPLACEMENT 
FLASTIC | ROTATION AND | ROTATION AND | ROTATION AND = ROTATION | 
_s PROPERTIES) TRANSLATION IN VERTICAL HORIZONTAL ONLY 
A ANY DIRECTION TRANSLATION ONLY TRANSLATION ONLY 
Me i 


0 


= 0 
ly 


4 


A=H,V, B= HsVa-H,Ve; D=MeVi-Ve; =MsH,-Hs 


\s shown in the earlier articles, the « iwcement coefficients are related to 


the joint stiffness factors by the following 


(HV,-HV)+k . 
= (HH, —-HV) 6 
i, = — H,*) (6f 


in which 
} MJH,V, H,* HV, 


and M. H, and V are the moment, horizontal force, and vertu al force respectively 
acting simultaneously at the joint to produce unit displacement at the joint 


when all other joints are restrained in the same manner as n the structure, that 
' is. they are the actual stiffness factors lor the joints; the subscripts 4 1, and 
2 denote the nature of the displacements, that 1s rotation il, horizontal, and vertical 
respectively. 

Combining equations (5), (54), and (6) enables the elastic constants to be 
xpressed in terms ol the stiffness factors, and corresponding expressions are 
given in column (2) of Table No. 1. These expressions ipply to the general case 
in which end A is free to move horizontally and vertically and to rotate. In 
a continuous frame it is not generally necessary to provide for so many degrees 
of freedom at the joints, and in columns (3), (4), and (5) of Table No. 1 the 
modified expressions for the respective cases when horizontal movement 1s 


prevented, when verti al movement is prevented, and when rotation only 1s 
permitted are given. 

As already stated, the forces and moment required at end A of a member 
AB fixed at B (Fig. 1) to produce unit displacement at A in a given direction are 
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equal to the stiffness-factors which, it can be shown, can be expressed in terms 
of the elastic constants for AB as in equations (7) in which 


2 2 


Combination of Elastic Systems. 


In the general case of a continuous frame, adjoining members can be combined 
in series or in parallel. In Fig. 2 members S, and S, may be combined in series 
to form one elastic system between A and C, while S, and S, together may be 
combined in parallel with S, at C to form one elastic system which is then in 
series with S, and S,. The determination of the elastic constants for 
combinations is considered in the following. 


such 


I wo or more elastic members are in series with reference to the outer terminals 
when they are successively connected to one another so as to form one elastic 
system. Consider two members and (Fig. 3a and Let the elastic 
constants for S, be Se I, J, and J,,,, and the elastic centre O,, and for 5,, 
Se Lae. Lye Ina, and O,. Now suppose that S, and S, are connected in series 
so that B, and A, coincide and make the continuous system A,B,B, (Fig. 30). 
Now, a load which is external to the system can act on it only through the 
terminals A, and By, and is transmitted wholly from S, to S,, so that the internal 
forces in both members are those due to the whole external load [his is also 
true of forces transmitted to the system from a member, connected to either 
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A, or B,, in which a relative deformation has been imposed at any cut section. 
The elastic area S for the system is obtained as the sum of the elastic areas of 
each member, while the position of the centroidal axes of the system with reference 
to one end, say A,, is found by combining the elastic areas of the two members 
by the ordinary processes of mechanics. Centroidal values of /,, Bas and J,, for 
the combination follow Therefore 


Equations S) must be interpreted with regard to sign. In the case considered, 
x, and y, are negative. 


For a combination of structural members in parallel the elastic constants of 
the members cannot be combined directly to give the elastic constants for the 
combination, and it is convenient in this case to use the stiffness factors. If 
two or more elastic members meet at a common joint B (Fig. 4a) they are in 
parallel with reference to the joint. An external moment or force acting at 
the joint is resisted by all the members connected at the joint, and may be trans- 
mitted either from an actual load carried by another member (not shown in the 
diagram) framing into the joint B or from a relative deformation at a cut in 
such a member. The internal forces in each member are those due to the share 
taken by each member in the total resistance of the group. Consider the members 
S,, Sp, and S, connected in parallel at joint B. The ends C, D, and E may be 
fixed, as shown, or they may be continuous with other members not shown in 
the diagram. The actual stiffness factors of the joint B are the sums of the 
relevant actual stiffness factors of the members connected at the joint, and 
substitution of the values of these factors in the expressions in Jable No. 1, 
according to the nature of the joint displacement permitted by the conditions, 
gives the elastic constants of the single elastic system which behaves in the same 
manner as the system S,, S,, and S,. 
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or in parallel, or both, as in the foregoing, is not a real system, and is called 
irtual equivalent system, which it is convement to represent diagrammatically 
is BPO and which re 


[he elastic area of the virtual equivalent system is represented by PQ, which is 


places the combination of members in fig. 4a 


Fig. 5. 


considered fixed at 0 and connected by a rigid arm PB to joint B: its elasti 
centre O 1s at honzontal and vertical distances % and 7 respectively from joint B 


No moments or forces may be considered to be applied to a virtual equivalent 
system at a point between its terminals ; the only load it may be imagined to 


carry 1s that due to external moments or forces transmitted to it through its 


terminals \ virtual equivalent system may be used to replace a part or the 
whole of a structure. 


Partial Equivalent System. 

\ny part of a continuous frame may be reduced to a compound system 
composed of one real loaded member (or member in which there is to be a relative 
deformation at some section) and a virtual equivalent system, the two being 
connected in series. Such a compound system is a partial equivalent system. 
Consider the continuous frame of Fig. 5a. Imagine the member AB to be 
completely severed at the joint A (Fig. 45). Then the part of the frame to the 
right of the cut can be reduced to the real member AB linked in series with 
a virtual equivalent system BQ which replaces members BC and BE. The 
system ABQ constitutes a partial equivalent system, for which the elastic constants 
are readily determined. If the values of these constants are substituted in 
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values of the stiffness factors for the end A of the member AB 


If a moment and forces equal respectively to the stiffness factors for the 
end A are applied at A, the end A by definition undergoes unit displacement in 

direction corresponding to the stiffness factors used. If we transfer the 
forces and the moment to the elastic centre O of the virtual equivalent system, 
making the necessary correction to the moment, and apply equations (1), the 
resulting displacements are the movements induced at joint B. 


Full Equivalent System. 

lhe whole of a continuous frame may be reduced to a full « quivalent system 
comprising either a single virtual equivalent system asso iated with a particular 
joint of the frame, or on¢ real member connected in series with one or more 
virtual equivalent systems. The structure in Fig. 5a may be reduced, for 
example, to a full equivalent system AP (Fig. $c) associated with the jomt A, 
in which case the full equivalent system replaces entirely all members of the 
structure Alternatively it may be reduced to a full equivalent system composed 
of a real member AB together with the virtual equivalent systems AP and BO 
Fig. 5d 

It follows from a previous paragraph that the only forces that may be con- 
sidered to act on the full equivalent system AP (Fig. 5c) are the moment and 
forces at the joint A together with their reactions at the support P. If we transfer 
these to the elastic centre O, making the necessary correction to the moment and 
apply equations (1), the resulting displacements are the total joint displacements 
at A. 
concluded.) 
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The Liberal Arts and Engineering. 


PHe increasing importance attached to students to obtain a broad general educa 
the more liberal education of students tion before concentrating on a special 


of engineering in the United States of branch of science or technology has been 
America is indicated by the following arranged by the Rensselaer Polytechnu 
abstract from Engineering News Institute and Franklin and Marshall 
Ike rd College Under this plan students com 

The Case Institute of Technology plete three vears of the regular liberal arts 
Cleveland, Oh has entered into an programme at Franklin and Marshall 
arranvement with five other middle College, with emphasis on the bas 
western colleges to maugurate a new sciences and mathematics, before entering 
curriculum for combined arts and en on two vears of specialized study at the 
gineering education This arrangement Rensselaer Polytechnic Institute After 
called the Binary Curriculum,’ requires satisfactorily completing these courses 


three vears of study at one of the hberal the students will receive an arts degree 
arts colleges and two years and a summet! from Franklin and Marshall College and a 


at the Case Institute of Technology. On bachelor’s degree in engineering at Kens 
graduating at each institution students selaer Polytechnic Instituts 

will receive bachelor of arts degrees from \ similar arrangement has recently 
the arts colleges at which they have com- been made by the Kensselaer Polytechnx 


pleted their first three years, and bache lor Institute and three other centres of the 

of science degrees in engineering from the _ liberal arts, name lv. the Washington and 

Case Institute of Technology Lee University, Trinity College, and 5t 
A programme enabling engineering Lawrence University 
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“ Explanat Handbook on the British Standard 
Code of Practice for Reinforced Concrete.’ By 
wii Soott, W. H. Glanvill and F. G. Thesmas 
Londot Conerete Publications, Ltd Price 


Tus book is the successor to the explana 
tory handbook, written by two of the 
present authors, on the Code of Practice 
issued by the Department of Scentific and 


Industrial Research in 1934, and in style 
it follows the earlher work. Each clause 
of the British Standard Code (CP. 114 


1948 ‘The Structural Use of Normal 
Reinforced Concrete in Buildings’, is 
printed in full, and 1s followed by com- 
ments on the reasons for, and the applica- 
tion of the recommendations contained in, 
the clause In addition to the tables and 
illustrations given in the Code, the authors 
have prepared thirty-seven tables and 
eighteen diagrams to aid the designer and 
constructor in the use of the Code. The 
subject matter is subdivided as in the 
Code, that 1s Scope and definitions ; 
Materials and properties of concrete ; 
Design ; Workmanship; Inspection, test- 
ing, and maintenance. The appendixes 
give standard tests for determining the 
consistency and strength of concrete and 
the bulking of fine aggregate. The design 
section occupies about two-thirds of the 


book and deals with stresses, spacing of 
bar stiffness, bond, beams and slabs, 
columns, flat slabs, walls, and fire resist 


The authors’ tables in this section 
relate to bond lengths and bends of bars, 
distribution in bending 
moments on beams continuous over equal 
spans, resistance-moment factors, slabs 
spanning in two directions, ties in columns, 
permis 


slabs, 


ible loads on square and octagonal 
columns, frame constants and 


bending moments, 


fixed-end 
moments of inertia of 
tee-beams, and bending moments on and 
efiective depths of flat slabs. The 
authors’ tables in the section on work on 
the site include the etiect of temperature 
on the strength of concrete, the minimum 
thickness of concrete to be placed in 
frosty weather, and times for the removal 
of shuttering 

“Fortschritte im Stahibeton.”” By 

(Vienna: Franz Deutike. 1950 

In this book of 138 pages progress in 
the use of steel reinforcement of high 
strength is surveyed, and the consequent 
development of plastic theories, a con- 
ception which the author claims to have 


Rudolf Saliger 
3.20 dollars.) 
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first introduced in described 
Iwenty-five years stresses in 
mild steel reinforcement seldom exceeded 
17,000 Ib. per square inch, whereas steel 
now used may have a yield-point stress of 
70,000 lb. per square inch and a working 
stress exceeding 30,000 lb. per square 
inch. The permissible stress in rein- 
forcement is not unlimited, however, hav- 
ing regard to the unavoidable cracking 
of concrete which, if uncontrolled, may 
result in a permanent weakening of the 
structure because moisture may reach and 
corrode the reinforcement The width of 
crack which will not adversely affect a 
structure has not yet been determined 
with certainty, but the author suggests 
that cracks not exceeding 0-008 in. wide 
for protected buildings and 0-004 in. wide 
for exposed appear to be 
admussible. 

Plant for Prestressing Concrete." 


Stationery Office 1950 


1930 Is 


ago the 


structures 


(London 
Price 18. 34 


In this brochure of 16 pages are illustrated 
and described the methods of tensioning 
the wires in prestressed concrete used at 
the experimental station of the Ministry 
of Works. Various styles of wedges and 
chucks for retaining the ends of the wires, 
anchor plates, jacks, quick release grips, 
and moulds are clearly illustrated. The 
brochure will be of interest and use to 
those concerned with prestressed concrete. 
Concrete 


London 


Practice in Building Construction.” 
Cement and Concrete s-ciation, 
Grosvenor Gardens, London, 5.W.1 
Tuts booklet has been prepared for the 
use of clerks of works, foremen, and others 
engaged on the supervision of concrete 
work. It deals with materials and con- 
structional methods, some 
memoranda. Copies will be sent free on 


request 


and gives 


Laxton's Builders’ Price Book.” (London Kelly's 
Directories, Ltd 19% Price x 
Tuts well-known volume is_ again 


available after a lapse of ten years. It 
has been brought up to date and revised 
by Mr. P. J. Walters, F.R.1.C.S., and is 
as valuable as its predecessors to those 
concerned with preparing specifications 
and estimating for building work. 


Book Received. 
“ Report on the Structural Use of Aluminium 
in Buildings."" (London: Institution of Structural 


Engineers. 1950. Price 38. 6d.) 
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See) TESTING THE QUALITY OF CONCRETE. 


Testing the Quality of Concrete in a Thick 
Wall.* 


By R. JONES, Ph.D., B.Sc. 
(ROAD RESEARCH LABORATORY, DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH.) 


NON-DESTRUCTIVE tests have been made on the concrete walls, 3 ft. 6 in. and 
4 ft. 3 in. thick, of a reservoir. An ultrasonic pulse was transmitted through 
the wall and its velocity of propagation used to ascertain the variations in the 
quality of the concrete placed at different heights in various parts of the walls, 
The comparative velocities are converted into equivalent strengths by taking 
similar measurements on cubes of concrete of the same mixtures. The results 
show that the concrete placed in the walls is inferior in quality to that in the 
test cubes at the same age. There were often large variations in the quality of 
a concrete in one lift, particularly if the height of the lift was about 2 ft., while 
in lifts of only 9 in. the quality was higher and more uniform. Improvements in 
the quality of the concrete mixture produced better concrete in the wall. The 
tests and the conclusions drawn therefrom are described in the following. 

Previous work ‘ at the Road Research Laboratory has established that 
the velocity of propagation of an ultrasonic pulse through a specimen of concrete 
is directly related to the compressive strength of the concrete, and that such 
measurements may be used to determine the strength of concrete in structural 
members. 

In the initial stages of construction of the walls of the reservoir it was noticed 
that some of the concrete cubes had abnormally low compressive strengths. The 
Road Research Laboratory was asked to use its method of non-destructive testing 
to determine the equivalent strength of the concrete at selected positions in the 
walls, and to discover to what extent the strength of the earlier cubes was 
representative of the strength of the concrete in the walls. The walls of the 
reservoir were constructed in three lifts. Measurements of the bottom and 
second lifts, where the wall is 4 ft. 3 in. and 3 ft. 6 in. thick respectively, were 
made. The concrete comprised ordinary Portland cement, sand complying with 
B.S. No. 882, and graded rounded gravel aggregate (also complying with B.S. 
No. 882) in the proportions of 1: 24:54 by volume. The cement was fed from 
a hopper into a 1-ft. cube measuring box for the first few batches but the packing 
was loose; subsequently the volume of cement was increased and steps were 
taken also to make more constant the weight of the cement. The water- 
cement ratio was at first 0-66 but was later reduced to 0°63. The walls were 
thus made of concrete which varied in quality. The wet concrete was placed 
by crane and bucket and spread by hand between steel shuttering. The concrete 
was not vibrated, and the only tamping it received was treading by the workmen 
engaged in spreading it. 

The main details of the method of testing are as follows. Two piezo-electric 
crystal transducers were held in contact with the concrete on opposite sides of 
the wall. Adequate contact was achieved by applying a film of oil to the surface 
of the wall after it had been gently rubbed with a wire brush to remove surface 
deposits of cement and mortar. A short train of mechanical vibrations was 


* Crown copyright reserved 
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vibrations 


produced by electri illy k exciting one ot the 


LONGITUDINAL WAVE 
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COMPRESSIVE STRENGTH Ib/sq in 


Relation between Longitudinal-Wave Velocity and 
Compressive Strength. 


were In contact Che longitudinal-wave velocity, that is the velocity of pro- 


pagation of the leading edge of the pulse, was calculated from the observed time 
of transmission and the measured thickness of the wall Chis method ts essentially 
and the only modifica- 


tions to the apparatus used on the reservoir walls were the provision of increased 


that used in the previous work on laboratory specimens 


sensitivity and the facility to measure longer transmission times. 

Phe measurements of the longitudinal-wave velocity, while providing informa- 
tion of the variations in the quality of the concrete, require to be translated | 
into equivalent cube strengths to provide a criterion of quality. To do this a 
relation was obtained between the longitudinal-wave velocity and the compressive 
strength at different ages of a number of concrete cubes of the concrete having 
a water-cement ratio of 0-63 used in the construction of the walls. The relation 
was slightly moditied, as a result of further laboratory tests, to allow for the 


drying which occurred in the walls. The curve used to convert the observed 
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oo electrical signal from this transducer was amplified and applied to a pair of the 
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TESTING THE QUALITY OF CONCRETE. 


longitudinal-wave velocity in the walls to equivalent cube strength is given in 


Fig. 1 


The results of the tests are given in Table I, and comprise 1), The mean 
. longitudinal-wave velocity through the concrete in each lift (1 h), The estimated 
cube strength corresponding to the mean longitudinal-wave velocity The 
‘ estimated mean strength of the concrete in each lift at 28 days (S and (d), The 
actual or estimated strength of test cubes at 25 days (S The estimated values 
ks in and (d) were obtained from strength-age curves for various coneretes made 


at the Road Research Laboratory in the course of other investigations.'* 


Table 1 shows that the concrete in the walls is inferior to that in cubes of 


the same age In most cases the concrete in the walls took 28 days or more 


to reach a strength equal to that of the cubes at seven days, which suggests 


Tape | ResuLTsS or Tests ON RESERVOIR WALI COMPARISON OF MEAN STRENGTH 
Watt AND STRENGTH Fe CUBES AT 28 Day 


that the concrete in the walls has a lower density than that in the cubes, probably 


due to poor tamping. It is seen that, in general, changes in the quality of the 
concrete in the walls are similar, if not proportional, to changes in the quality of 


the cubes, a result that may have been expected, since there was no appre iable 
variation in the slumps and the workability of the concrete should have remained 
fairly constant. Under such conditions it is expected that an improvement In 
the quality of the concrete in the walls would be obtained by using a higher 
cement content. There was, however, an increase in the slump when the cement 
content was initially increased, so that the water-cement ratio was reduced from 


to to produce a further improveme nt. 
The last column in Table 1 gives the ratio of the strength of the concrete 


in the walls to that of the corresponding cube. There is a « onsiderable variation 
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in this ratio, but examination shows that it is related in some degree to the 
height of the lift, the mean values indicating that better compaction was obtained 
by placing the concrete in smaller lifts. The reduction in the quality of the 
deeper lifts was generally due to the variation of quality with height. The 
bottom of the lift invariably contained concrete in which the longitudinal-wave 
velocity was much higher than that in the concrete at the top, This phenomenon 
can be due either to separation of the coarse aggregate or, more likely, to the presence 


of more water or air voids near the top. In support of the latter suggestion, 
there was porosity near the top of some of the deeper lifts in contrast to the 
smooth surface generally obtained 

Che main conclusions from the test are as follows: (1) The concrete in the 
cubes was much stronger than the concrete in the walls at the same age. (2) There 
was a similar, if not proportionate, variation between the strengths of the concrete 
in the cubes and the concrete in the walls. Thus when the quality of the mixture 
was improved by increasing the cement content there was an increase in the 
strengths of the cubes and the concrete in the walls 3) Placing the concrete 
in g-in. lifts produced better concrete than in 24-1n. lifts. The deeper lifts tended 
to give concrete of poorer quality with some porosity near to the top of the 
lift 

The work described in this paper was carried out by the Road Research 
Laboratory of the Department of Scientific and Industrial Research as part of 
the programme of the Road Research Board. The paper is published by per- 
mission of the Director of Road Research. 
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International Association for Bridge and Structural Engineering. 


Tue fourth congress of the International _ perties of concrete ; (3) Current problems 
Association for Brndge and Structural of design and construction in concrete, 
Engineering will be held at Cambridge in reinforced concrete, and prestressed con- 
August 1952 Ihe subjects to be dis crete Further information may be had 
cussed include (1) The bases of the from the Secretary of the Association, at 
calculations of the safety of structures; the Federal Institute of Technology, 
(2) Fundamental principles of the pro- Ziirich, Switzerland 


Rapid Construction of Silos. 


AN average height of 19 ft. 6 in. was con Che concrete (6300 cu. yd.) was deposited 
creted daily with continuously-moving in seven davs it was mixed in transit 
forms in the construction of the walls of from batching plants five miles and eight 
a structure compnsing twenty-four rein miles distant Six 3-cu. yd. truck-mixers 
forced concrete silos 127 ft. high near were required when the concrete was 
Columbus, Ohio Ihe bins are 20 ft. in brought from the nearer plant, and ten 
diameter, and the walls are generally 7 in when from the farther plant which was 
thick, the external walls being 8 in. thick used at night 
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(& SARTONT THE ROOF OF THE ROYAL FESTIVAL HALL. 


The Roof of the Royal Festival Hall, Festival 
of Britain. 


[HE design of the superstructure and the crete is reinforced to carry 4-in. dwarf 
construction of the foundations and lower reinforced concrete walls which support 
parts of the concert hall being erected for the upper slab at 6-ft. 3-in. centres. 
the London County Council on the site of | Successive stages in the construction of 
the Festival of Britain are described in 
this journal for January, 1950. In the 
following is described the roof of the hall, 
which comprises two reinforced concrete 
slabs with a space of about 2 ft. between 
them and, as shown in Fig. 2, a 2-in. 
glass-wool blanket placed in the cavity 
to provide acoustical insulation. The top 
of the upper slab is covered with insulating 
board and sheet copper. The lower slab 
is 8 in. thick and is of composite precast 
and cast-in-situ. construction. Precast 
concrete beam soffits, 5 in. by 2 in., in 
each of which is embedded a welded steel 
lattice, are placed at 21 in. centres 
between the steel trusses which are at 
12-ft. 6-in. centres. The precast soffits 
are supported on steel angles on the sides 
of the top booms of the trusses and the 
span of the precast soffits is therefore 
about 1o ft Between, and bearing on, 
the precast soffits are solid precast con- 
crete slabs (Fig. 1), which are 2 in. thick, 
9 in. wide, and 18 in. long, and act as 
permanent shuttering for a 4-in. cast-in- Fig. 1..-Laying Precast Slabs on Upper 
situ concrete slab. The cast-in-situ con- Part of Roof. 
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sorry 
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Fig. 2.—-Insulated Roof. 
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THE ROOF OF THE ROYAL FESTIVAL HALL (CONCRETE 


: lower slab and dwarf walls are shown 
ss-wool blanket is 

ion in Fig. 3, which also 
truction of the upper slab 

lab 1s also a composite slab 

st in. thick and is designed 

a supermposed load of 30 Ib 
re foot It is constructed with 


per squa 
precast beam sothts and precast slabs 
imilar to those in the lower slab, but 
the precast beam soffits are at 2-ft. 6-in 
tres and the precast slabs are 2 in 
7 wn. wide, and 2 ft. 3 in. long 
vids of the beam soffits are notched 
as shown in Fig. 3 to permit the glass 
wool blanket to pass over the supports 
Lhe cast-in-situ concrete in the upper slab 

i 2 in. thick 

The steel lattice embedded in the pre 
ast beam soffits in the lower slab com 
prises two bottom bars (in the precast part 
and one upper bi in the cast-in-situ 
concrete) connected by diagonals welded 
to the bar The bottom bars provid 
the main reimforcement for the slab and 
the top b is the compression flange 
while the k e 1s acting temporarily as 

the precast slabs and Pig. 3. Insulating Blankets between 

oncrete The lattice Lower and Upper Parts of Roof. 

thts, which span 

lab 1s similar i h-in. mild steel channel 

which a hardwood strip is placed for 


4. Lower Part of Roof under Construction, showing Dwarf Walls to carry 
Upper Part. 


Not ember, 1959. 
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THE ROOF 


xing the hardboard and copper sheet 


The weight of each of the longest precast 
beam soffits is about 145 lb. and the pre 
cast slabs weigh about 25 lb. each The 
lifted to the roof 
115 ft.) on a platform 
soffits placed on 
» men working from 


laid 


mbers 
a height of about 
hoist The be 
their supports by tw 


i} 
beams and slabs 


precast me were 


im were 


already 


Measurement 


A peEVICE, which ts attached to a concrete 
mixer and is used by the Corps of Engi 
\llatoona Dam, U.S.A., measures 
oncrete 


neers at 


the consistency of « while it 1s 


Fig. 1. 


being mixed and therefore enables changes 
of consistency to be detected immediately 
Ihe device (Fig. 1) is a small U-shape 
bucket placed inside the drum and 
mounted on a shaft that extends through 


the wall of the drum An arm on the end 
of the shaft makes electrical contacts 
when the shaft turns Pressure of the 
concrete being mixed tilts the bucket 


causing the shaft to rotate and the arm 


‘ Beton- und Stahlbetonbau ”’ 
seventy-fifth anniversary of 


A NOTE 1n 

the 
the foundation of Wayss & Freytag A.G., 
the well-known German firm of engineers 


records 


and contractors The firm's interest in 
reinforced concrete started in 1884, when 
it acquired the nghts in Germany of the 


Monier system In the vear 1901 Dr 
Emil Moérsch, who has for long been 
recognised as a leading authority on 


November, 


1950. 


OF 


Consistency Recorder. 


Seventy-five Years of 


THE ROYAL FESTIVAL HALL, 


The architect for the hall is Mr. Robert 


H. Matthew. A.R.LB.A., chief architect 
of the London County Council, directing 
a team of architects The consulting civil 


engineers are Messrs. Scott Wilson 
The main contractors are Messrs. Holland 
& Hannen and Cubitts, Ltd The sub 


contractors for the precast roof members 


Triad Floors, Ltd 


are 


of Consistency. 


to turn through a distance depending on 


the stiffness (or workability) of the con 
crete The amount of turn is recorded 
electrically. Comparison with a pre 


determined amount of turn shows whether 


the workability of the concrete being 
mixed is the same as that required 

The device is suitable for any size 
of aggregate up to 6 in., but, accord 


ing to a report in Engineering News- 


Kecord the recordings may fluctuate 
because of a loose stone hitting the 
bucket; and it is said not to operate 


well in rain or damp weather 


Reinforced Concrete. 


reinforced concrete, joined the firm and 
has been responsible for its tee hnical 
developments and research work in rein- 
forced concrete ; at the age of 80 years, 
Dr. Mérsch has had nearly fifty years ser- 
vice with the firm. Inthe vear 1934 the firm 
acquired a licence to operate In Germany 
M. Frevssinet's system of prestressed con- 
crete, and it has been concerned with many 
other developments in concrete 
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PRESTRESSED CONCRETE STRUCTURE. 


Prestressed Concrete Structure at an Exhibition. 


Ine “ sword illustrated in Figs. 1 and 2 
is a prestressed concrete structure erected 
at a but'ding exhibition held recently by 
the Ministry of Works at Leeds. The top 
of the shaft was 51 ft. above the ground, 
and the foundation extended 4 ft. below 
the ground The topmost 6 ft. was of 
transparent material enclosing a light 
The concrete shaft, which can be dis- 
mantied for erection elsewhere, is 48 ft 
long, the cross section being rectangular, 
2 ft. by 1 ft., for a distance of 13 ft. from 
the bottom, tapering to a diamond-shape, 
8 in. by 44 in., at the top. The shaft is 


ILLUMINATED 
TOP 


PRESTRESSED 
CONCRETE SHAFT 
AND WINGS 


SQUARE 


Fig. 2. 


prestressed by one j-in. bar (A) and two 
j-in. bars (B). The “ wings,” which 
extend 17 ft. on either side of the shaft, 
are 2 ft. wide, 3 in. thick at the tips, and 
6 in. thick at the shaft, and are prestressed 
by three }-in. bars (C) extending from tip 
to tip. The bars are of special alloy steel, 
and the prestressing system is the Lee- 
McCall system which was‘described in this 
journal for April, 1950. Some mild steel 
binders are provided in the concrete imme- 
diately below the anchor-plates against 
which bear the nuts threaded on the ends 
of the bars. The total weight of the bars 
is about 5 cwt. 

The concrete has a crushing strength of 
not less than 8000 lb. per square inch 
The members were cast in short sections, 
assembled with dry joints, and prestressed 
on the site. The structure, which was 
designed by Mr. Donovan H. Lee, 
M.Inst.C.E., weighs about 5 tons and was 
made and erected by a mobile crane by 
Messrs. William Nicholson & Son (Leeds), 
Ltd. 
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PRECAST CONCRETE IN GOVERNMENT OFFICES, 


Precast Concrete in Government Offices.* 


Ine plan of single-story temporary offices 
erected by the Ministry of Works for 
various Government departments com- 
prises a number of buildings each 18o ft 
long and 36 ft. wide internally and con 
nected at the centre of their sides by a 
corridor. Some of the buildings have a 
frame of precast concrete, but more 


Fig. 1. 


recent structures have prestressed con- 
crete roof beams 


Precast Reinforced Concrete 
Frames. 


Precast reinforced concrete frames 
(Fig. 1) comprise columns, erected on a 
grid of 12 ft., supporting beams which 
carry reinforced concrete roof slabs. The 
roof slabs are covered with a screed laid 
to a slope, and bituminous felt. The 
buildings in Figs. 1 to 3 are at Hinchley 
Wood, Surrey, and embody precast con- 
crete beams and columns, cast-in-situ 
hollow-block roof slabs, and concrete- 
brick cavity walls. The aggregate in the 


columns and beams is }-in. crushed gravel 
and washed pit-sand. The concrete, which 
was vibrated, had a slump of less than 
1 in. and was mixed in the proportions of 
1:2: 4, rapid-hardening Portland cement 
being used in beams cast in the winter 
and ordinary Portland cement in the 
summer. The columns are 9 in. by 7 in. 


Precast Reinforced Concrete Frames. 


by 11 ft. long, a splayed head carrying 
the beams. The wall columns have a 
rib projecting on two sides to receive the 
concrete bricks forming the inner leaf of 
the walls. The reinforcement in the 
columns is four }-in. bars with ¥-in. 
links at 6-in. centres. The beams are 
12 ft. long, 9 in. wide at the top, and have 
a web 5 in. thick; the total depth is 
14 in. There are two j-in. bars in the 
bottom and two }-in. bars in the top, 
with -in. binding at 9-in. and 18-in 
centres. Two links for attaching lifting- 
tackle project from the top of the beam 
A bolt, built in at the time of casting, 
projects from the top of each column and, 


* Crown copyright reserved. 
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ted, 
slot 
thus 


when the am and column are ere: 
the bolt ugh a hole or 
formed at tl nd of the beam 

two members A 
stee|! 


securin recess 15 


formed rye square washer 
which fits 

hey ction of a 
beam and 
foundatios 


to receive 


umn In-situ concrete 
tructed with recesses 
limber shutter 


used r som the bases for the 


bases for the 


column inner 


Fig. 2. -Erecting Precast Beams. 
lumns are cast within permanent shut 
ering of concrete blocks. One column 
wnin Fig. 3 slung from a crane and 
lowered into position and another 
column is shown wedged in the recess in 
the foundation Fig 


z shows a beam 
slung from a crane, being lowered on 


the bolts projecting from the heads of 


CONCRETE IN GOVERNMENT OFFICES. 


(CONCRETE 


Erecting Precast Columns. 


the columns Each column weighs about 


6 cwt. and each beam about 10 cwt 


Prestressed Concrete. 


Similar buildings designed by the Minis- 
try of Works comprise prestressed con- 
crete transverse beams at 12-ft 
spanning the 36-ft. width of the building, 
thereby enabling interior columns to be 
omitted. As it is not known in advance 
what type of roof covering will be used 


centres 


Fig. 4. 


-Prestressed Concrete Beams in Position. 
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the beams are designed for the heaviest 
probable load of goo lb. per linear foot 
rhe slope of the roof is obtained by slop 
ing the tops of the beams at I in 20 
Eighty beams of this type are used in 
a building at Reading (Fig. 4) The 
beams (Fig. 5) are prestressed by 178 No 
14-gauge wires embedded in the concrete 
rhe depth at midspan is 27 in. and at the 
ends 18 in Che width of the flanges is 
and the overall length is 37 ft. 4 in 
Ihe wires are stretched to an initial 
stress of 90 tons per square inch before 
the mecrete 1s placed There is a space 
of 1 in. between each vertical row of wires 
and } in horizontal row 


9 In 


between each 


Ihe mixture of the concrete is I : 1-5 5 2°45 
and the water-cement ratio 0-35. The 
compressive strength of the concrete 1s 
about 6000 ‘lb. per square inch at seven 


days and 8000 lb. per square inch at 28 
days. A small quantity of mild steel 
reinforcement is provided in the form of 
wire helices wrapped around the stretched 


wires at each end of the beam The lift 
ing hooks are the only other steel incor 
porated. The total weight of wire in 


each beam is about 1 cwrt Advantage 
was taken of the dead load of the beam 
in the design, and the concrete stresses 
in the bottom flange, when the beam is 
not loaded, are 2400 lb. per square inch at 
midspan and 2600 Ib. per square inch 
near the ends. Under the working load 
there is generally a small compressive 
stress in the bottom flange except at a 
point 5 ft. from the middle of the span, 


Fig. 5. 
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~Testing a Prestressed Concrete Beam. 


GOVERNMENT OFFICES 


3 
«| 
27) 
No {78.14 
wires 
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Fig. 5. Cross Section of Prestressed 


Concrete Beam. 


stress 


where a small tensile 
In these prestre ssed concrete beams hav 


may occu! 


ing straight stretched wires and a sloping 


top flange, the critical sections are at 
about one-eighth of the span on both 


sides of the centre of the 

Before the beams were erected two were 
tested by being laid 
top flanges facing each other Two jacks 
inserted them at 
10 ft. from the ends, which were strapped 
together Hair-cracks 
when the total force acting on the 
was 23 tons, the applied bending moment 
being 


span 
on their side with the 


were between points 


were observed 


beams 


3,000,000 in.-lb. corresponding to a 


stress at the bottom edge, at the point 


s 
\ 
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Fig. 7. 


where the cracks were first observed, of 
4170 Ib. per square inch The precom 
pression at this point was calculated to 
be between and 2400 Ib. pet 
square inch at the time of the test The 
tensile would there 
1500 lb per square inch, 
seems to be excessive If it is 
assumed that cracking actually occurred 
when the load-deflection first 


2700 Ib 
stress in the concrete 


fore be about 
which 


curve 


(CONCRETE 


Erecting Prestressed Concrete Beams. 


the tensile 

and 1200 
lb. per square inch, which agrees with the 
stresses observed in A test 
of a similar beam 24 in. deep at midspan 
is shown in progress in Fig. 6 


departed from a straight line, 
stress would be between goo Ib 


other tests 


[he beams in the structure in Fig. 4 


one line in a factory, 
and were transported to the site four at 


a time on They 


were Cast several in 


low-load lorries were 


Placing Prestressed Concrete Roof Slabs. 
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erected by being lifted at two points 
(Fig. 7) and placed on mortar beds on 
padstones on brick piers. For ease of 
erection, one end wall of the building was 
omitted and erection proceeded from 
the other end. The beams support hol- 
low prestressed concrete roof slabs (Fig. 8) 
44 in. deep and weighing 30 lb. per square 
foot The roof is covered with a screed 
and felt for the purpose of weather tight- 
ness and insulation 

The cost of the structure is about the 


THE new motor road westward from Paris 
comprises a main road about six mules 
long from St. Cloud to Rocquencourt 
where two branches bifurcate, the north- 
ern branch being about eight miles long 
and the southern five miles. At St 
Cloud there 1s a boulevard 132 ft. wide 
terminating at a tunnel 2760 ft. long, 
560 ft. wide at the springings, and of 
horseshoe cross section. From the tunnel 
to Rocquencourt there are two carriage- 
ways each 29 ft. 6 in. wide separated bya 
strip 8 ft. 3 in. wide. The branches each 
comprise two cCarriageways each 23 ft. 
wide separated by a strip 7 ft. 4 in 
wide 

[he work was commenced before the 
last war, at the outbreak of which the 
tunnel, bridges, and earthworks of the 
main road and the northern branch were 
almost complete, and work was proceed- 
ing, though less advanced, on the southern 
branch. The bridges and the junction at 
Rocquencourt were described and illus- 
trated in this journal for July, 1939 
Work ceased in 1941, when the carriage- 
ways of the main road and the northern 
branch were partly completed. Work 
recommenced after the war and the tunnel 
was opened in 1946. The remainder of 
the main road was opened in January, 
1950, and the southern branch in July, 
1950. 
According to “ Travaux,”’ the latest 
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The New Motor Road from Paris to the West. 


same as that of a reinforced concrete 
structure, but the large space uninter- 
rupted by columns is an advantage 

The beams and columns in Figs. 1 to 3 
were made by Messrs. F. Bradford & Co., 
Ltd., and were erected by direct labour by 
the Ministry of Works. The beams in 
Figs. 4 and 7 were made by Concrete 
Development Co., Ltd., and the beam 
in Fig. 6 was made and tested by Costain 
Concrete, Ltd. The hollow roof slabs in 
Fig. 8 were made by Concrete, Ltd. 


carriageways of the main road have a 
total thickness of 194 in., the lower 2 in 
of which is a drainage layer of clinker 
upon which is laid 4} in. of rolled hard 
core covered by about 3 in. of river sand 
The remaining thickness of about 9} in 
is a concrete slab, the lower 7} in. of 
which is of concrete of the following pro 
portions: 2976 Ib. of f-in. to 2}-in 
coarse aggregate, 1499 lb. of dry sand 
772 lb. of Portland cement, and 26} gal 
lons of water Ihe proportions of the 
concrete in the 2-in. wearing surface are 
3086 lb. of broken prophyry graded from 
j in. to 14 in., 1349 lb. of dry sand, 772 Ib 
of Portland cement, and 274 gallons of 
water The carriageway is laid to a 
transverse fall of 14 in 100. A layer of 
waterproofed paper is placed below the 
concrete 

The carriageways of the southern 
branch comprise 2 in. of clinker, 4 in. to 
4j in. of sand, and 9} in. of concrete, the 
proportions of which are 2780 lb. of 
j-in. to 2}-in. aggregate, 1642 Ib. of dry 
sand, 772 lb. of Portland cement, and 
274 gallons of water. No special wearing 
surface is provided 

The concrete slabs are laid in panels 
26 ft. long with expansion joints between 
every group of three panels, and two 
dummy-joints intermediately Rein- 
forcement is provided where the subsoil 
is weak. 
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SEWER TUNNELS. 
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Prestressed Concrete Sewer Tunnels 
near Paris. 


THe construction of 1} 
stressed concrete 


miles of pre 
sewer inatunnel (Fig. 1 

was recently completed at two points in 
the western 
Frette the 

13 ft 
under the 


suburbs of Paris 
tnonel is $85 ft. longs 
6 in. diameter, and forms a 


Seine. At Mont: 


rivet 


Fig. 1. 
tunnel sooo ft. long and 15 ft. 6 in 
diameter ts driven through loose sand and 
sandstone below the water table in a loop 
of the river lhese two prestre ssed con- 
crete tunnels are joined and continued by 
an ordinary concrete-lined tunnel through 
impermeable strata 

The cross tion of the 
concrete 


left-hand 


pr ‘stressed 
tunnel in Fig. 3 shows, on the 
sic the cor 


wtruction before 
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prestressing and the completed tunnel on 
the mght Phe voussoirs (V) forming the 
lining steel moulds on 
vibrating tables in a factory some 
from the site The « 
500 lb. of rapid-hardening 
cement per vard An 


were precast in 
miles 
mcrete contains 
Portland 


ordinary 


Voussoirs in Position. 


voussoir is 4 ft. 8 in. by 1 ft 
1 ft. 4 in. thick, weighs 1650 lb., and is 
accurate in size to 1 mm. In each 
voussoir there is a hole (H) for the injec- 
tion of mortar (M), and on the outer face 
there is a shoulder against which bears 
a tensioning hoop (P). The inner face is 
roughened to provide a key for rendering. 

The voussoirs were placed in position in 
rings behind a driving-shield (S) compris- 


9 in. by 
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Fig. 2.—Tunnel Lining before Rendering, showing Erecting Machine and the Pump 
for the Moving Shield. 


Fig. 3._-Cross Section through Sewer. 
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ing a cylindrical steel-plate shell the rear 
end of which overlapped the last com- 
pleted ring of voussoirs. The forward 
end carried the cutting edge. The shield 
was moved forward by fifteen jacks bear- 
ing against the last completed ring of 
voussoirs, thus effecting a longitudinal 


Fig. 4. 


compression of the tunnel lining. When 
the shield had advanced sufficiently, the 
next ring of voussoirs was placed in posi- 
tion by an erecting machine (Fig. 2), the 
upper voussoirs being held in position by 
dowel-bars passing through steel loops 
projecting from the voussoirs in the pre- 
ceding ring and the ring being placed 
(Fig. 1). The erecting machine 1s seen 
more clearly in Fig. 4 where it is in the 
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open. In Fig. 5 it is seen putting a key 
voussoir (K in Fig. 3) in position 
A hoop of o-2-in. stainless steel 10 in 


wide and in two parts connected by clips 
(C) was then placed around the newly- 
placed ring of voussoirs and two 50-ton 
jacks (J) were placed between the upper 


The Erecting Machine. 


and lower halves of the ring. Spaces for 
the reception of the jacks (seen in Fig. 1) 
were formed during the placing of the 
voussoirs by the insertion of blocks (B1) 
and (Bz) (Fig. 3). The halves of the ring 
were then jacked apart until the required 
extension of the steel hoop was obtained. 
Wedges (W) were inserted in the space 
between the semicircles and the jacks 
removed. The circumferential compres- 
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PRESTRESSED CONCRETE SEWER 


Fig. 5.--Placing a Key Voussoir. 


sive stress thus obtained did not exceed 
420 lb. per square inch as it was additional 


TUNNELS. 


to the stresses induced by the pressure of 
the surrounding earth 

The moving forward the 
shield, placing the voussoirs, and pre- 
stressing the ring took seven hours. As 
three shifts were worked, three rings were 
placed in each 24 hours representing a 
forward movement of 5 ft. 6 in. The 
space between the bore as excavated and 
the concrete lining was then filled with 
cement-mortar injected through the holes 
in the voussoirs. This operation was the 
work of a second gang. A third gang 
followed with a machine for rendering the 
internal face of the lining. Construction 
of the main length of the tunnel at Montes- 
son was carried out in opposite directions 
from a central shaft. The work was done 
in compressed air at a pressure of 30 Ib. 
per square inch. 

The precompression of the rings ensured 
a watertight tunnel through the permeable 
strata. The minimum amount of ground 
between the top of the tunnel and the 
bed of the river is 33 ft., at which point 
the river is 26 ft. deep but may be up 
to 42 ft. deep when in flood 

The tunnels were designed by Société 
Technique pour l'Utilisation de la Pré- 
contrainte (Procédés Freyssinet) 
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THE DESIGN OF CYLINDRICAL “SHELL” ROOFS. 


Duose of our readers who are interested in 
thin reinforced concrete vaults and domes, 
commonly known as “ shell’ roofs, will 
welcome a book * written by a Danish 
engineer and printed in the English lan- 
guage In our opinion this is the most 
useful work on the subject so far pub- 
lished. Vol. 1, which comprises 360 pages 
and is well illustrated, describes the 
various methods of designing cylindrical 
shells, and particularly methods that 
need only an elementary knowledge of 
the theory of structures. It is claimed 
that bv the methods recommended all the 
calculations can be made by slide-rule 
[he worked examples are particularly 
useful. The method of designing a new 
type of roof, called a “ rigid vault’, is 
also explained. The following summary 
of the author's notes on the analysis of 
shells "’ are given by permission 
\ proper ‘shell’ structure has a 
curved surface, the thickness of the slab 
forming the surface being small compared 
with its area. Because of its negligible 
resistance to bending (except near edges), 
the slab must be supported, or stiffened, 
in such a way that the shell is so rigid that 
loads produce little bending but com- 
paratively large direct stresses Rigidity 
of a cylindrical shell is obtained by 
transverse webs at the supports If there 
are only two such stiffeners, the membrane 
tresses are statically determinate even 
though the shell cantilevers beyond the 
stiffeners If the shell is continuous over 
three or more stiffeners it is statically 
indeterminate \ reinforced concrete 
hell of uniform thickness is considered to 
be homogeneous. A shell is isotropic if 
the elastic properties at any point are the 
ame in all directions Therefore a shell 
if homogeneous material but of uniformly- 
varying thickness is isotropic, but if the 
shell is stittened by mbs between the 
supports, it 1s anisotropi \n aniso- 
pic shell is therefore non-homogeneous, 
and strictly should be considered as such 
the stress calculations, but in practice 
this complexity is unnecessary if the 
longitudinal deformation is such that 


trical Shells" Volume Cyhnadrical Roofs 
Ry H. Lundgres Copenhaget The Danish Technical 
Press 1049 In the ngage vertical examples 
in the metric systen C>ta from Books and Careers 


Litd., Vietoria Street, London, Price 
by post 28s. rad 


25s 


408 


The Design of Cylindrical ‘‘ Shell’’ Roofs.* 


several ribs are covered by each semi- 
wave of deformation 

Sometimes the bending stresses are so 
small that the state of stress can be 
determined in accordance with the mem- 
brane theory (see this journal for April, 
1948), the bending being neglected. In 
many shells the bending stresses at the 
edges cannot be neglected, but the 
membrane theory can be used for parts 
remote from the edges In the latter 
case there are stresses due to discontinuity 
at the edge of the shell (called by the 
author “ perturbational stresses "’), and 
in shells of double curvature and some 
cylindrical shells it is sufficient in the 
central part of the shell to consider the 
undisturbed membrane stresses. For 
other types of shells the stresses may be 
essentially different from the stresses 
calculated in this manner, and it is often 
convenient in these cases to calculate the 
stresses as the sum of the membrane 
stresses and the disturbances originating 
from the edges 

[wo conditions only have to be fulfilled 
at each end of an ordinary beam or at 
the edge of a loaded plate, the deflection 
of the beam being expressed by an 
equation of the fourth degree to which 
the partial differential equation of the 
plate is analogous. In shells, for which 
the differential equation is of the eighth 
degree, four conditions must be satistied 
at each edge point, the eight quantities 
to be considered being three displace- 
ments and three related forces in a three- 
dimensional co-ordinate system, one 
angular displacement, and one related 
bending moment. The simplest edge 
conditions occur at a free edge where the 
three forces and the bending moment are 
each equal to zero, and at a fixed edge 
where the four deformations are each 
equal to zero. For elastically-supported 
or partially restrained edges, all eight 
factors must be considered with con- 
sequent complications in the calcula- 
tion 

It is, however, possible to design most 
cylindrical shells by new methods that 
require no more mathematical skill than 
is required for statically-indeterminate 
structures, and sufficient accuracy is 
obtained by the use of a slide-rule. Well- 
known elementary methods are in some 
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least, suitable for preliminary 
designs and in many cases for final designs 


cases, at 


The Beam- Method. 


One approximate method is the beam- 
method, which is applicable to long 
shells In this method, the stresses in the 
shell and edge-beams are analysed exat tly 
as an ordinary simply 
supported beam, the moment of inertia 
of which is calculated simply from 
formuke which make use of the first two 
terms of a power series If the formula 
are not available, a semi-graphical method 
can be The application of this 
method to symmetrically-loaded sym 
metrical shells, subjected to bending 1m a 
vertical plane, 1s common, but it can be 
extended to unsymmetri al structures, 
such as saw-tooth roofs, in which bending 
may be in any plane. In the latter case 
the position of the centroid is determined 
and the stress analysis is made preferably 
by semi-graphical means for bending verti- 
cally and _ horizontally For a_ purely 
arithmetical analysis it is advantageous 
to use a system of co-ordinates other 
than the principal axes, and f yrmulae 
developed for this facilitate the 
calculation. Long subjected to 
torsion can be analysed by a theory, 
the principal of whi h is not new, 
analogous to the theory of bending 

In the extended beam-method the 
deformations due to the transverse bend- 
ing moments are also considered, so that 
structures those comprising a 
{ interconnected parallel long 
analvsed by an elementary 


homogeneous 


used 


case 


shells 


such as 
number 


shells may be 


calculation 


Effects of Disturbance. 


lhe stresses in short shells arising from 
disturbances due to discontinuity of the 
load and to the effect of the edges cannot 
be considered by elementary calculations ; 
it is necessary to apply the general an 
alvtical method, which is made 
the shell may be considered 
circular arc of radius equal to the radius 
of curvature at the point of disturbance 
lhe method of applying formula derived 
on this basis to the design of a short shell 
is first to calculate the stresses in the shell 
bv the membrane theory, according to 
which the membrane shearing forces 
cause tension in the edge zone. To this 
tension must be added the tensile force 
due to edge disturbances. The rein- 


easicr 


since as a 
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forcement required to resist the shearing 
transverse 
the edge 
substitution 


forces is determined, and the 
bending 
calculated 


moment at 
by 


restraint 
can then 
in a simplk 

An important limitation ts that the 
shell is assumed to be simply supported 


be 


formula 


Although short shells are commonly 
continuous over several spans, it 1s not 
practicable at present to apply the 


general analytical method to other con 
ditions. Continuous short shells can, 
however, be approximately analysed as 
rigid vaults, the formula for which are 
based on the analytical method 

If the analytical method is applied to 


tubes, formula can be derived for the 
stresses due to disturbance in the shell 
near transverse stiffeners distinction 


being made between the primary bending 
conditions and the secondary conditions, 
which are not satisfied in elementary 
analyses of shells 


Repetitive Method. 


The new repetitive method (called by 
the author the iterative '’ method) of 
analysing shells is applicable principally 
to shells of a length between and 
twice the width Lhe the 
method, which is a generalisation of the 
beam-method, is that the central part of 
a shell can be considered as an arch which 
through the remainder of the shell, 1s 
elastically supported on the stiffeners 
By means of a number of repeated calcula 
, the com 
puted stresses approa h the exact values 
In the first calculation the shape of the 
cross section is assumed to remaim un 
changed, that 1s infinite flexural ngidity 


once 


basis of 


tions (in practice two oF three 


of the shell is assumed, and this 1s 
identical with the calculation by the 
beam-method From the transverse 


bending moments the deformations of the 
cross section considered as an arch can 
be computed, and it can be shown that 
these deformations result in a redistribu 
tion of the axial normal forces Lhe 
subsequent calculations are similar to the 
first In the secondary 
factors such as torsional moments in the 
shell, shearing strain, et 
which it is not possible to do in the 
beam-method. Compared with the an- 
alvtical method, which is purely mathe- 
matical, the repetitive method has the 
advantage of giving a clear physical 
meaning to each step of the calculation 


calculations 


are considered, 
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The method requires the same amount of 
work for a shell of any cross-sectional 
shape and any type of load, but requires 
more calculation than the beam-method 
It makes clear the relation between the 
membrane theory and the beam-method, 
giving at the same time criteria for the 
application of the latter method. Like 
the analytical method, it is restricted to 
simply-supported shells 

An important aspect of the repetitive 
method is the rate of convergence and, 
for symmetrical cross sections at least, 
practical formula can be derived for a 
circular shell without edge beams, and 
corrections applied for the edge beams, 
varying curvature, and varying rigidity 


Analytical Method. 


The general analytical method of 
designing isotropic cylindrical shells (with 
out ribs) 1s based on the differential 
equation of the eighth degree, but a few 
modifications enable a practicable pro 
cedure to be evolved. Some simplifica- 
tions, such as the omission of all secondary 
factors, may lead to unreliable results 
tables of data derived from - accurate 
formul# are, however, a considerable aid 
in applying the analytical method to 
shells of any ratio of length to width, and 
of any radius and thickness Tests show 
that short reinforced concrete cylindrical 
shells behave as assumed in the analytical 
method if the concrete does not crack, but 
thereafter the deflections increase more 
rapidly at points of disturbances 

Exact stress-displacement relations can 
be derived by the analytical method for 
amsotropic cylindnecal shells (with ribs 
without neglecting the lateral contraction 
By introducing the greatest permissible 
number of simplifications, formula can 
be derived to determine the stresses 
produced by a concentrated load on a 
shell with any number of mbs 


Theory of Rupture. 

A new method of analysis is by the 
theory of rupture, which has yet to be 
confirmed by tests. In this theory, 
apphed to long reinforced concrete shells, 
the axial tensile stresses are assumed to 
be resisted by the reinforcement in which 
ordinary tensile stresses are allowed 
The compressive stress in the concrete is 
assumed to be equal to the permissible 
stress in direct compression, and is 
assumed to be uniformly distributed 
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within the compressive zones, the extent 
of which is determined by analogy to an 
ordinary reinforced concrete beam The 
zones are so defined that the total longi- 
tudinal! reinforcement is a minimum lo 
simplify preliminary calculations each 
tensile or compressive zone is assumed to 
be concentrated at a single generatrix, 
called a “ stringer [he approximate 
distribution of stresses in a shell is easily 
determined by the stringer-theory. When 
the shell has been calculated by the 
stringer-theory, which is so simple that it 
gives a general treatment of problems, 
a small correction only is required to 
revert to the theory of rupture. In 
statically-indeterminate cross sections, 
the redundant reactions at the edge 
generatrices are determined by consider- 
ing the transverse moments in a simular 
manner to the theory of plasticity for 
continuous beams 

In the theory of rupture for short 
reinforced concrete shells, the calculation 
is divided into a calculation by the 
membrane theory and a calculation of 
disturbances, which involve extensional 
forces and bending moments The theory 
is based on the principle that the carrying- 
capacity of the shell is not exhausted until 
both the extensional strength and bending 
strength are fully utilized. Hence, if 
additional longitudinal reinforcement is 
provided, the bending moments are 
reduced, and vice versa Longitudinal 
stresses and statically-indeterminate 
sections are considered in the same way 
as in long shells The stringer-theory 
can be developed from the assumption 
that the shell can resist transverse bending 
moments only Bending moments in 
other directions can be taken into con- 
sideration, and it can be shown that the 
disturbed load may be divided into two 
parts, one of which produces only bending 
moments. Thus the shell can be con- 
sidered as a combination of a membrane 
and a plate. The calculation of a plate is 
made by a theory of the lines of rupture 
(see this journal for August, 1950, page 
279) 


Selection of Method, 


Although in general the beam-method 
apples to long shells, the membrane 
theory to parts of short shells, and the 
repetitive method to shells of inter- 
mediate length, it is difficult to decide 
when, for example, a shell is sufficiently 
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long to allow the use of the beam-method. 
In doubtful cases the beam-method should 
be used first and, if the bending moments 
in the shell are small, the method is 
satisfactory. In shells with deep edge- 
large bending moments are found 
when the beam-method is applied to the 
entire section, and in such cases it may 
be advantageous to consider the shell 
and edge beams separately The appli- 
cability of the beam-method depends, 
however, on conditions other than the 
ratio of length to width If a shell is 
stiffened by transverse ribs the rigidity is 
sO great that the errors in the beam- 
method may be negligible even in a short 
shell The repetitive method can be 
applied to test the applicability of the 
beam-method. If the rate of convergence 
is greater than unity, the beam-method 
may be apphed for most common loads. 
If the load causes large bending moments 
the repetitive method may be used, 


beams, 
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although for isotropic cylindrical shells it 
may be easier to use the analytical method 
Therefore the repetitive method is best 
chietly for non-cylindrical isotropic shells 
of intermediate lengths, for which the 
analytical method is very complicated. 
Although the membrane theory gives a 
correct idea of the stress in those parts of 
short shells remote from the edges, 
investigation of the edge zones must be 
made by the analytical method, which is 
not an elementary problem. 


Buckling. 


The resistance of a shell to buckling 
must be investigated, and formula can 
be derived from the present knowledge of 
the buckling of tubes. A new empirical 
formula, which considers the 
properties of reinforced concrete, gives 
results that are slightly conservative 
compared with the results of tests 
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Roads in Rural Areas. 


Some alterations and additions to Memor 
anda Nos. §75 and 577 dealing with roads 
and bridges, issued by the Ministry of 
Iransport, are given in Memorandum 
No. 653 (copies of which are obtainable 
free from the Ministry of Transport, 
Berkeley Square House, London, W.1) 
It is recommended that development 
plans should be based generally on a 
volume of trafhe 75 per cent. in excess 
of the average daily traffic in 1938, but 
the possibility of new towns, new indus 
tries, etc., may justify a further increase 
In the absence of exceptional local fa 
tors, an increase of 25 per cent. of the 
number of cyclists in 1938 should be 
assumed 

The limiting capacities of carriageways 
(expressed as the number of vehicles per 
day) are stated to be as follows 
line carriageways, up to 3000 ; 


I'wo- 
three-line 
dual two 
line carniageways, 6000 to 15,000; dual 
three-line 15,000 


CaTriagewayvs, 3ooo to 6000; 


Carriageways, overt 


One-tenth of the daily traffic can be as- 
sumed to be the hourly traffx lf there 
are less than 600 vehicles per hour one 
cycle should be 
there are 


counted as a vehicle; 
more than vehicles 
an hour, two cycles should be counted as 
one vehicle 
resorts, the 
reduced by 


when 600 
lor roads leading to popular 
assumed capacity should be 
one-third to allow for peak 
traffi In general, central reservations 
should not exceed 10 ft. in width, but 
where the planting of trees or shrubs is 
intended the width may be increased to 
15 ft. or 20 ft rhe minimum width of 
the carnageway of trunk roads of Classes 
1 and II should be 22 ft., but the width 
may be less where traffic is light and on 
Class III roads There are some places 
where a single 30-ft. carriageway is suit- 
able, as the limiting capacity of such 
a carriageway may exceed that recom- 
mended. There is not sufficient justifi- 
cation, because of traffic, to provide a 
distance of 7o ft. between the outside 
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as well as to the practical designer. It 


eliminates trial and error methods and 


establishes the best arrangement of 


reinforcement, resulting in considerable 


economies in the use of steel. With 


design charts, tables, ete. 12/6 net. 


Pitman 
Parker Street, Kingsway, London, W.C.2 
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MAT NOTTINGHAM 


GRANTHAM 
BURTON - MELTON 
ON-TRENT 


Trent Gravelis 
10,000 tons per week 
Washed & Crushed In. to In. 


We ere the leading suppliers of high-class concrete 


TRENT GRAVELS LTD 


ATTENBOROUGH 
Telephone: Beeston 54255. 


November, 1950. 


ROADS IN RURAL AREAS, 


kerbs of dual carriageways. On Class III 
roads the minimum width between the 
parapets of a bridge should be 24 ft. 6 in 

Cycle-tracks need be provided only 
where the average daily number of cycles 
recorded in the 1938 census exceeds 1000. 
In doubtful cases a cycle-track should be 
provided, particularly if the carriageway 
is 30 ft. wide Chere is no need for paved 
footways in rural areas except near vil- 


lages A level verge should, however, 
always be provided \ level verge also 
assists visibility and provides space on 
to which snow can be thrown A com 


bined footway afd cycle-track should not 
be adopted Where there is a footway, 
a 4-in. vertical kerb should be provided 
Splayed or sunken kerbs may be pro 
vided for central reservations and along 
verges where there is no footpath. On 
busy roads a continuous kerb is desir- 
able. If intermittent kerbs are provided, 
the ends should be sloped and the verges 
maintained 

A gradient of 1 in 25 (instead of 1 in 30 
as specified in Memorandum No. 575) 
should ordinarily be regarded as the maxi- 
mum, but in hilly country a steeper slope 
mav be necessary. Vertical visibility be- 
tween points 3 ft. 9 in. above the carriage- 
way and horizontal visibility on the 
centre-line of the carriageway. depend on 
the speed that can be attained on the 
road ; the distances for dual carriageways 
are as follows (the distances for single 
carriageways are given in_ brackets) 


20 m.p.h., 100 ft. (150 ft.) 30 m.p.h., 
150 ft. (250 ft.); 40 mph., 250 ft. 
(450 ft.); 50 mp.h., 350 ft. (650 ft.); 


60 m.p.h., 500 ft. (900 ft.) 70 m.p.h., 


650 ft. (1200 ft 


Specialities Allied to— 
CONCRETE & BUILDING PRODUCTS 
including Accelerators, Retarders, Hardesers, 
Waterproofers, Oilproofers, Cement Paints, etc. 
| For full particulars please write 
ALLIED BUILDING COMMODITIES 
LITTLE ROYD, HUDDERSFIELD. | 


for CONCRETE results when CONCRETING. 

“LISCAL” and “QUICKSET” 

SURFACE DRESSING 
Stocked at most Builders’ Merchants 

For Particulars apply 
Watertight Cement Co., Led. 
Highturiong - Blackpool 
Telephone: Poulton-le-Fyide 315 


Use “WATERTIGHT” Products 
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regeces in the eres shown shove. Premsps 
deliveries guaranteed and keen competitive prices 
; quoted. Send for samples and prices. | | 
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DATA FOR PRICING REINFORCED CONCRETE. 


DATA FOR PRICING 
REINFORCED CONCRETE. 


Materials. 
(Delivered in London area.) 


Accorecates (per cu. yd.).—-Washed sand, 17s. 
Clean shingle: } in., 15s. 175 6d. 
Tharnes ballast, 15s. 94. Broken brick, 
in., 178. 6d 

Cement (per ton, delivered at Charing Cross) 

Portland cement, 6 tons and upwards, 65s. 
1 ton to 6 tons, 70s Paper bags and non- 
returnable jute sacks 125. extra 

Rapid-hardening Portland, 6s. above ordinary 
Portiand 

7s. 6d. in 6-ton loads; paper bags 

125. extra 

Aquacrete, 315 6d. above ordinary Portland : 

paper bags 12s. extra 

Colorcrete (buff, red, and khaki), in 6-ton loads, 

106s. 6d.; paper bags 125. extra 

Snowcrete, {11 195., inc. paper bags 

*Super-Cement,” 318 5d. per ton above ordin 

ary Portland cement (bags 95. 6d. extra 


High-alumina cement, 1 ton and upwards, 
226s. 6d. per ton; paper bags 12s. per ton 
extra 

Snoweem paint, §6s. per cwt. inc. containers 


SHUTTERING For prices of timber, refer to S.R. & 
©., 1949, No. 1079 (price 1s. 1d.) and No. 94 
price 5d.) issued by H.M. Stationery Office 

Reinrorcement.—-Mild steel round bars (per 
cwt.): § in. to 2} in., 28s. 2d & in. to 

4 in., 29s. § im., 298s. Sd. in., 315 


Materials and Labour. 


(Contracts up to {5000. Inc. 10 per cent. profit.) 


PorTtanp Cement CONCRETE, 2:4.— 
Foundations, 2s. 2d. per cu. ft Columns, 2s. $d 


per cu.ft. Beams, 2s. §d. per cu. ft. Floor 
slabs 4 in. thick, ¢ tod. per sq. yd.; Do., 
6 108 Do., 7 in., 
WW 6 in. thick, 1 d. per sq. yd. 


Add for hoisting 4s. 6d. per cu. vd. above 
ground floor level. Add tor rapid-hardening 


Portland cement 2s. per cu. yd 
REINFORCEMENT Mild stee! round bars, includ- 

ing itting, bending, fixing, and wire (per 

cwt in. to m., 45s. 0d in. to in., 


43s. Od & in. to 2) in., 4 
SHUTTERING AND SUPPORTS 
Walls, 145s. per square 
Floors (average 10 ft. high), 160s. per square 
In small quantities, 15. 5d. per sq. ft. 
Columns, average 18 in. by 18 in. (per sq. ft.), 
ts. 8d.; in narrow widths, 2s. 
Beam sides and soffits, average 9 in. by 12 in. 
(per sq. ft.), 2s.; im narrow widths, 2s. 2d. 
Raking, cutting, and waste, sd. per lin. ft. 
Labour on splays, 34. per lin. ft. 
Small fillets to form chamfers, 6d. per lin. ft 


Wages. 

The rates of wages on which the above prices 
are based are: Carpenters and jomers, 35. 
ver hour (carpenters 2d. a day tool money) ; 
abourers, 2s. Men on mixers and 
hoists, 2s. Bar-benders, 2s. 5d 


Tass column specsally compuled for Concrete and 
Constructwonal Enguncering,” and vs copyright 
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THE 
DIESEL 
PILE DRIVER 
CHEAPER to OPERATE 

than Compressed 
Air or Steam types. 


For medium or light pile driving jobs 
2 men can erect 
in 30 minutes. 

Uses approx. 3 quarts of DIESEI 
laily, employs direct combus- 


tion within hammer itself No 
loose hoses, self cooling, oper 
ates im all weathers no 


trouble mimediate delivery 
tf model D.1 (illus 


OLY Internal 


CONCRETE VIBRATORS 


Two TYPES 


(Patented) 
Extremely easy to 
work in chee of 
intricate reinforce 
ment Petre Plea 
Drive tius. Vibra 
confined t 
the “ epade thus 
eneuring long life 
of motor | imposres 
bo *tram on opera 
tw ali mechanical 
parts greased and 
for le 
Also Electric Flea 
apd Ble: tric 
buff alt models 


Write for Folder 


White for details of cur 
CONCRETE ‘IBRAT- 
ING MACHINES Tabies, 


C. H. JOHNSON 
(Machinery) LTD. | 


TERMS CAN BE 


me t 
DV/94. Adewood Road, Stockpor ARRANGED. 


For further details and full technical please leleph 
owr nearest representative 

Leadon: Pollards 3133 Bristol: Lalsgate 277 Neweaatle- 

“Tyne: 23810 Miilants 3045. Yorks 

Leeds 65165. Lance. Gatley 4404. Bouts Wales: Cardiff 44130. 


ove 


November, 1950. 


(CONCRETE 
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it pping weig | 
Model D.4(1,232/1,4561b 
lropping weight Ke 
hand-operated ground 
ping weights Also 240 7 
ib. petrol type for oe 
lighter work 
; See Folder D.24 
Can be mounted 
Barge, Pon- 
toon, etc.; Oper- 
river bank is - 
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1959. CONCRETE AND CONSTRUCTIONAL ENGINEERING 


teh hat to 


Newark Castle, Notts. 


CEMENT 


=— QUICK SETTING 
EXTRA RAPID-HARDENING 


Full particulars of ‘417 Cement’ will be sent on application to ;— 


THE CEMENT MARKETING COMPANY LIMITED 


PORTLAND HOUSE; TOTHILL 


G. & T. EARLE LTD * WILMINGTON ~ HULL 
THE SOUTH WALES PORTLAND CEMENT & LIME CO. LTD ~ PENARTH * GLAM 


— 
2 
Sout when worki the clock | | 
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